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PREFACE TO FIFTH EDITION 

rilHE geiunal plan of this work is to give, in each group 
of the Invertebj'ata, first, a short account of its 
general zoological features with a more detailed ch^scription 
of the hard parts of the animals ; secondly, its classification 
and the characters of the important genera, with remarks 
on the affinities of some forms ; and thirdly, a description 
of the present distribution, and the geological range. The 
account of each genus is followed by the enumeration of 
one or more typical species, so as to guide the student in 
making use of a large collection. 

The illustrations are employed mainly for the purpose 
of explaining structure and Urminology, and will not 
enable the student to dispense with th(^ use of specimens. 
The list of palaiontological works is intended to indicatis 
where further information may be obtained in {iny branch 
of the subject;, it includes works of general interest in 
each group, and othiTs dealing especially with British 
fossils. 

Some new figures have been added in this edition, and 
the work has been revised throughout. I am indebted 
to Dr W. K. Spencer for much assistance in the part 
dealing with the Asterozoa ; to Dr F. A. Bather for emen- 
dations in the account of* the Pelmatozoa; to Dr W. D. 
Lang for help with the Polyzoa, and to other friends for 
various suggestions. 

H. WOODS. 


Augustf 1919 . 
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r Bala or Caradoc Series 

Ordovician Llandeilo Series 

i Arcnig Series 
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INTRODUCTION 


From the earliest times it has beim known that bodies 
resembling marine animals occur embedded in the rocks. 
For several centuries two distinct views were held rcsjiect- 
ing their nature. By some persons they were thought to 
have once formed parts of living animals, and consequently 
to indicate that the spot where they are now found was in 
past ages covered by the sea. Others, feeling it difficult 
to account for so much geographical change as would be 
necessitated by this view, considered that they were not of 
organic origin at all, but had been formed by some ‘ plastic 
force ' within the earth — that they were in fact ‘ Sports of 
Nature.* Since, however, these bodies resemble in every 
essential respect the hard parts of animals now existing, 
we may at once reject this hypothesis. 

The remains of animals and plants of past ages pre- 
served in the rocks are known as fossils, the, study of which] 
forms the subject of Paleontology.' 

In order that an animal or plant may become a fossih 
two conditions are generally necessary : First, it must, 
possess a skeleton of some kind or other, since the soft 
parts are rapidly decomposed ; consequently such animals 
as jelly-fishes leave no trace of their existence, unless it be 
a mere impriiit. Secondly, the organism must be covered 
up by some deposit, otherwise it will soon crumble to pieces. 
Now, since there are comparatively few places on land 
where material is being deposited to any great extent, it 
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2 INTRODUCTION 

follows that terrestrial animals will stand but little ehance 
of being preserved ; the greater number after de^th will 
remain on the surface and will in a short tinlb he entirely 
decomposed. A few may become entombed in peat-bogs, 
in the dust and ashes thrown out by volcanoes, in the sand 
of sand‘ dunes, or by a landslip ; some may be sealed up in 
deposits of carbonate of lime, such as the travertine thrown 
down by calcareous springs, or the stalagmite formed on 
the floor of caves ; and lastly, others may be transported 
by running water and ultimately buried in the bed of a 
river, of a lake, or of the sea. Such instances, however, are 
of comparatively rare occurrence. In the case of aquatic 
animals the conditions for fossilisation are much more 
favourable, since deposition is more universal in water than 
on land. Of such aqueous deposits, those formed in the 
sea will enclose by far the larger number of animals on 
account of the greater areui which these deposits cover. 

The structure and composition of the hard parts vary 
considerably in different groups of animals and plants; 
some are therefore much more readily preserved as fossils 
than others. Thus in A 'rgonauta the skeleton consists of a 
thin shell which is easily broken up ; then again in some 
sponges it is formed of needles of silica, which are held 
together by the soft parts only and consequently easily 
become scattered after the death of the animal. But in 
other cases, as in most of the mollusks and corals, the 
skeleton is very strong and not easily destroyed, hence 
these occur abundantly in the fossil form. Perhaps even 
more important than the structure, is the ci>mposition of 
the hard parts, whiph, in the case of insects and some 
hydroids consist of a horny substance known as ch^tin; in 
diatoms, in most radiolarians, and in many sponges, of 
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silica;; in the bones of vertebrates, chiefly of carbonate and 
phosphate of lime ; in corals, echinoderms, mollusks and 
many other unimals and some plants, of carbonate of lime; 
in most plants, of woody or corky tissue : a larger or smaller 
amount of organic matter is always combined with the 
mineral. Of these substances, chitiii is with difficulty dis- 
solved. Silica in its oixlinary crystalline condition is one 
of the most stable of minerals, but when secreted by an 
animal or plant it fs glassy and isotropic {Le. singly refrac- 
ting and without effect on polarised light), and is dissolved 
with comparative ease, so that such skeletons may be 
entirely removed by the action of percolating water. In 
organisms with calcareous skeletons the carbonate of lime 
is readily dissolved by water containing carbonic acid, but 
the degree of solubility varies according to the condition 
in which the carbonate of lime is present. In some animals 
it occurs as aragonite, in others as calcite. Of these two 
minerals, aragonite is the harder and heavier, its specific 
gravity being 2*93, whilst that of calcite is only 2*72; 
aragonite crystallises in the rhombic system, calcite in the 
hexagonal. Fossil calcite shells {e.g. Fecten op^rcularis) 
are translucent, their surface is compact, but their interior 
porous ; on the other hand the aragonite shells {e,g. Pectun- 
cuius glycimeris) are opaque, and have a chalky. appearance 
but a compact structure throughout. If a shell of each 
kind be suspended in water containing carbonic acid, it 
will be found that the one composed of aragonite will lose, 
in the same time, a much greater proportion of its weight 
than the other. Further, the calcite shell remains firm 
longer than the aragonite, the latter being soon reduced 
to the consistency of kaolin or china-clay. This difference, 
however, does not appear to be due directly to mineral 
composition, for Cornish and Kendall found that when 
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crystals of ealcite and aragonite were powdered and placed 
in carbonic acid solutions of the same strength, the ara- 
gonite was not acted on more rapidly than the^calcite, and 
the same result was obtained with powdered fossil shells. 
From all these considerations, it is not surprising to find 
that in some strata the aragonite skeletons have entirely 
disappeared, whereas those formed of calcitc remain. This 
will obviously be most likely to occur in pervious beds 
through which water containing carbon dioxide percolates. 
A striking instance of the difference in the solubility of 
calcite and aragonite was furnished by some specimens of 
the common edible mussel. My til as edulis, in which the 
inner layer of the shell is formed of aragonite and the outer 
of calcite ; Sorby found specimens in the raised beach at 
Hope 8 Nose, Torquay, which had lost the inner layer but 
not the outer. Similarly, in specimens of Spondylus from 
the Chalk, the inner layer of the shell has been completely 
removed, but the outer is left. In some cases aragonite is 
replaced by calcite, but then the organic structure is en- 
tirely destroyed, and we get merely a mass of calcite crystals. 
Calcite is never replaced by aragonite. 

The mineral character of, .the skeleton of the chief 
calcareous organisms is as follows : — 

Foraminifera . — The vitreous forms consist of calcite, 
the porcellanous probably of aragonite. 

Porifera . — Calcareous sponges of calcite. 

Anthozoa . — ^The Alcyonaria are of calcite, except He- 
lioporUy which is of aragonite; the Madreporaria are of 
aragonite. 

Echinoderma , — All of calcite. 

Polyzoa . — Chiefly calcite. 

Brachiopoda , — All of calcite. 
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Lamellihranchia. — Many consist entirely of aragonite, 
but Knomia, Ostrea, and Pecten of calcite. In Pinnae 
MytiluSf SpondyluSy UniOy and Trigoniay the inner layer is 
of aragonite, the outer of calcite. 

Gasteropoda, — The majority are formed of aragonite, 
but Scalaria and some species of Fusus are of calcite. In 
some (e,g. Patella^ Littorina) the outer layer is calcite. 

Cephalopoda, — Nautilus y Spirilla, and Sepia are mainly 
aragonite, as also were probably the Ammonites. Argo- 
nauta and the guard of Belemnites are calcite. 

Crustacea, — The shell consists of chitinous material 
usually containing calcite, and often some phosphate of lime. 

, :The condition in which fossils occur depends, as we 
"iiave seen, on their original composition and on the mate- 
rial in which they are embedded. The chief types are the 
following : — 

1. The entire organism preserved. Occasionally the soft 
parts of the organism are preserved as well as the skeleton, 
the whole having suffered very little change. Instances of 
this are, (a) tbn- woolly rhinoceros and mammoth found 
frozen in the mud and ice in Northern Siberia, and (b) 
insects and plants encased in fossil resin, known as amber, 
found in the Oligocene beds on the Baltic shores of Prussia 
and in the Tertiary beds near Cromer. 

2. The skeleton preserved almost unchanged. Sometimes 
when the skeleton alone is preserved, it remains almost in 
its original condition, except that it has lost its organic 
ihattef. Thus the shells in the Pliocene beds of England 
differ from living ones only in being lighter, more parous 
and generally colourless. In some instances a certain 
amoiftit of mineral matter, such as carbonate of lime, has 
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been added to the skeleton, making it heavier and mote 
compact. 

3. GarbonuaM on, In some plants, and in jftiimals with 
chitinous skeletons, such asffa ptoli^ es. the original material 
usually becomes carbonised. The organism undergoes de- 
composition and loses oxygen and nitrogen, the relative 
percentage of carbon therefore increasing. The changes are 
similar to those which occurred during the conversion of 
vegetable matter into coal. 

4, A mould of the skeleton. Sometimes the skeleton 
disappears entirely, a mould only remaining : this is espe- 
cially the case when it consists of aragonite and is embedded 
in a porous stratum. After the shell of a mollusk has 
become covered up with sediment, and the soft parts have 
been decomposed, the interior becomes filled with the same 
material. Water containing carbonic acid subsequently 
percolates through the rock and carries away the shell as 
bicarbonate of lime, so that there is left only a mould of 
the interior and of the exterior, the space between the two 
being that which was originally occupied by the shell and, 
if filled with wax, will give an exact model of it. Excellent 
examples of this mode of fossilisation are seen in some 
mollusks from the Portland Oolite, e.g, GerifMum and 
Trigouia. Sometimes after the shell has been removed the 
space left becomes filled up with mineral matter carried in 
by percolating water; this has the form of the original 
skeleton but obviously not its internal structure. 

The interior of the shells of fbraminifera may, soon after 
the death of the animal, become filled with glauconite 
(silicate of iron and alumina) ; subsequently the shell itself 
often disappears, leaving only the internal cast. Glauconite 
occurs in this way in the various greensand strata^ and 
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also in some of the deep-sea deposits at the present day. 
SomeMat similarly the shells of sea-urchins occfurring in 
the Chalk are sometimes filled with flint; in such cases 
the shell wfien buried did not become filled with Chalk, 
but remained empty until flint was deposited in it from 
percolating^ water containing silica in solution. 

6. Petri^<^tion» In some deposits the fossils show the 
minute structure as well as the form of the organism, but 
the original material of the skeleton has been replaced by 
another mineral. Thus we find fossil wood which shows 
the cells and vessels just as in existing trees, but in which 
the walls are formed of silica instead of cellulose. The 
change has gone on in such a manner that as each particle 
disappeared its place was taken by a particle of silica. The 
chief minerals which replace the original substance of 
organisms in this manner are : — 

(i) Carbonate of lime; calcite sometimes replaces the 
silica of sponges. 

(ii) Silica, as in the fossils from the Blackdown Green- 
sand, and the Thanet Sands near Faversham ; also 
in the wood of the Purbeck dirt-bed in the Isle of 
Portland. 

(iii) Iron pyrites; e.g. Ammonites from the Oxford 
Clay, Lias, etc., and some graptolites. 

(iv) Oxide of iron, in the form of limonite in some 
fossils from the Dogger (Inferior Oolite) of York- 
shire and the Lower Greensand of Potton, etc., 
and as hsematite in fossils from the Carboniferous 
Limestone of Cumberland. 

(v) In rare cases there are other replacing minerals, 
such as sulphate of lime, barytes, blende, galena, 
malachite, vivianite, and spathic iron. 
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6. Imprints The footprints of animals and the im- 
pregsions of jelly-fishes are sometimes found in theProcks, 
and these, although forming no part of the animal itself, 
are nevertheless regarded as fossils. 

In endeavouring to discover the changes which have 
|taken place on the earth in past geological times, the 
f vidence furnished by fossils is of primary importance. Each 
^eat group of the stratified rocks, known as a system, is 
Characterised by a particular assemblage of genera and 
species, some of which are confined to it and enable us 
to identify the system. In a similar manner, the smaller 
divisions — the series and stages — are each characterised by 
the presence of certain fossils, which do not occur above or 
below. Further, it is found that the fixuna of the smallest 
division (stage or group of beds) is not of uniform character 
throughout; although there may be no change in the 
nature of the rock, some of the species and varieties which 
are abundant at one level will become rare or will disappear 
entirely in passing to higher or lower horizons. Conse- 
quently, a set of beds may be divided into belts or zones, 
the general aspect of the fauna of each zone being somewhat 
different from that of the others, but between these divi- 
sions there will bo no break either physical or palaeonto- 
logical. If then we have determined the order of succession 
of the formations in any one area by means of their relative 
positions, the newer resting on the older, it is fairly easy in 
any other district, merely by examining the fossils, to refer 
any set of beds to its proper position in the geological- 
record. But although this law of the identification of strata 
by tl^e fossils which they contain is of great value, it must 
not be applied without some caution, for evea if two for- 
mations were deposited at exactly the same time, it does 
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not necessarily follow that all the genera and species found 
in the'ljwo will be identical. Thus for instance in the seas 
at the present day the same forms of life do not occur in 
all parts ; animals which live in water of moderate depth 
are distributed in provinces which depend largely on 
climatic conditions, each province possessing some fonns 
peculiar to itself. The organisms now being entombed in 
deposits formed, say, off the British coasts, will as a whole 
be different from those off the Canary Islands ; but still, 
some of the species and many of the genera will be common 
to both areas, and would enable us to identify the two 
deposits as having been fornmd within the same general 
pe;iod, though perhaps not to prove them absolutely syn-; 
chronous. Then again there is a distribution of organisms 
according to the depth of the sea, and the nature of the 
sea-bottom ; so that the fauna of a deep-water formation 
will necessarily be different from that of a shallow- water 
one, and that of a sandy deposit different from that of a 
mud. But in addition to the animals living on the sea- 
bottom there are others which live near the surface of the 
ocean, far from land ; such pelagic fonns have a wider 
geographical range than those which live on the sea-floor 
in shallow water, and are consequently of great value in 
determining, as of the same age, deposits found in widely- 
separated localities. 

In addition to their chronological value, fossils are also 
important in indicating the conditions under which the 
fo rmat ions were depgsited. In the case of the later beds, 
where most of the fossils belong to genera which are still 
existing, it is easy to distinguish a marine deposit from 
one formed in freshwater or on land. Even in the rocks of 
earlier periods, in which most of the genera are extinct, 
we may#recognise a marine deposit by the presence of such 
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animals as radiolarians, corals, echmcHl^r]PQyS».}>l‘ii^^ 
pteropojiswocphalopods or cirripeds, which at the jjreseat 
day are found only in the sea» 

Tthe depth of the sea in which a formation was deposited 
can be estimated when the fossils belong to living species; 
when the species are extinct some idea may be formed if 
the genera to which they belong are found chiefly at some 
particular depth at the present day. In attempting such 
determinations it must be remembered that the sea-bottom 
down to a depth of nearly 50 fathoms may be disturbed by 
the action of waves and currents in the sea ; consequently 
the animals living on the bottom in shallow water are 
Uable to be carried from their original home to higher or 
lower levels. One of the surest indications that a formation 
was laid down in shallow water and not far from land is 
furnished by the association of the fossil remains of land 
animals and plants with marine species ; another, by the 
presence of mollusks such as PholcLS, Saadcava and Litho- 
domus, which bore into rocks, and at the present day are 
found only in shallow water. The proximity of a shore-line 
is also indicated when the assemblage of fossil forms re- 
sembles in general character the faunas which live in 
littoral regions at the present day. When evidence of the 
existence of a shore-line is found it is obviously possible 
to gain some idea of the distribution of land and sea in 
past times. 

The nature of the climates of past ages may be judged 
to some extent by the character of the fossils ; the evidence 
furnished by land-plants is particularly valuable, since 
their distribution is determined largely by temperature 
and is better marked than in the case of marine animals. 
As for as the latter are concerned it is only when we are 
dealing with modern species that we can, as a rtite, speak 
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with mj degree of certainty on this subject ; this is owing 
to the niet that at the present day the individual species 
of the same genus have often a very different distribution, 
spine being found in warm, others in cold, regions. Even 
wbeh all the fossils in a formation belong to extinct species, 
the assemblage of genera is sometimes such as marks some* 
region at the present day ; thus, for exanjple, in the London 
Clay we find that many of the genera of inollusks are now 
characteristic of tropical or sub- tropical seas. 

The study of fossil animals, and plants is of the highest 
importance to the biologist, not only because they include 
the ancestors of modem species, but because among fossil 
forms we find many groups (e.^. Graptolites, Cystids, Blas- 
toids, Trilobites, Eurypterids), which are altogether extinct, 
and which j)ften throw light on the relationship of existing 
animals and plants. Others (e.g» Crinoids, Brachiopods, 
Nautiloids) are represented at the present day by few 
forms only, but were, in past ages, very abundant; con- 
sequently no adequate knowledge of such groups of animals 
can be obtained from the study of living examples only. 
I n some cases the ancient forms serve to connect groups^ 
wHch, at the present day, appear to be quite distinct; 
thus, for example, the earliest known bird (Archwopteryx, 
from the Solenhofen Limestone, Upper Jurassic) shows, in 
several important characters, affinities to the Reptiles. 

From the point of view of the biologist, the greatest 
interest in Pala3ontology is found in the bearing it has on 
the subject of evolution : it is only by a study of the stratir- 
grapfaicab succession of fossil forms that the race-history 
or phylogeny of animals and plants can be traced with 
certainty ; but in attempting such investigations a great 
diffioifity is presented by the imperfection of the record of 
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the life of past ages since only a very small proportion 
of the animals and plants has been preserved, an5 often 
in an imperfect manner. We have already ^seen several 
reasons why this record must be imperfect ; some animals 
are without, hard parts, while others, particularly land 
animals, frequ ently do not become covered up with sedi ment. 
Further, the remains of animals which were originally pre- 
sent in the rocks have been, in some cases, dissolved by 
percolating water, or to a great extent obliterated by the 
metamorphism which the rock has undergone. Then again 
the record of life is incomplete because of the breaks in 
the succession of the stratified rocks; these breaks have 
been caused sometimes by denudation having removed a 
great thickness of rocks, in other cases by a temporary 
absence of deposition. Even when there is no break in the 
succession due to these causes a further difficulty in tracing 
out phylogeny may be introduced by changes taking place 
in the physical conditions during the deposition of a series 
of bods ; thus there may have been alterations in the depth 
of the sea, in the nature of the sediment on the floor, or in 
the temperature of the water ; in each case the physical 
change would re-act on the fauna tending to cause the 
animals living on the sea-floor lo migiate to other regions 
where conditions favourable to their mode of life could be 
found. When such migrations occurred the descendants of 
the animals which lived when one stratum was deposited 
would not be found fossil in the overlying beds of the same 
area. 

Notwithstanding this imperfection of the record and 
the effects of changing physical conditions, many groups 
of animals are found to undergo gradual modification when 
traced through series of strata or formations. For example, 
in the Pliocene deposits of Slavonia there are numerous 
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shells pond-snails {Viviparm or Paludina); and speci- 
mens found at the top and bottom of the formation, and 
also at certain intervening levels, differ so much from one 
another that they appear to belong to distinct species. 
When, however, examples are collected from all the beds 
of the formation, the apparently distinct species are seen 
to be connected by intermediate forms, and a series, showing 
a gradual passage from the species found in the lowest bed 
to that in the highest, can be obtained. Similarly in the 
English Chalk, during the deposition of which the physical 
conditions continued more nearly uniform than in most 
other formations, it is founci that the sea-urchins, starfishes, 
etc. undergo slow and gradual changes in various characters 
when traced from lower to higher horizons. 

In several groups of Tertiary Mammalia there is also 
evidence of gradual modification in structure; thus the 
earliest known forerunner of the horsQ, found in the Eocene 
beds, possessed five toes, and was succeeded in later times 
by forms with successively fewer toes, until in the Pliocene, 
the existing type of horse, with only one toe and splint- 
bones, appeared ; other gradual ' changes also occurred in 
the character of the teeth, etc. 

In attempting to work out phylogeny, in addition to 
the stratigraphical method just described, the method of 
comparative anatomy and often the method of ontogeny 
(or development of the individual) can be used in the case 
of fossils. In the course of the deyelopment and growth of 
an animal, various stages, which often present resemblances 
to the adults of other animals, are passed through. The 
‘recapitulation theory’ supposes that the changes seen 
during the development of the individual (ontogeny) are, 
in a general way, a rapid but often incomplete repetitfon 
of those which occurred in its race-history (phylogeny). 
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Palaeontology has, in many csases, given support io this 
view, by showing that successive stages, similar to those 
passed through in the development of an ^^animal, also 
occurred in t^e history of its race, as seen in the geological 
record. 

On the whole the evidence of Palaeontology favou|:s the 
view that evolution proceeded by slow and gradual modifi* 
cations ; but there were also times, especially in the early 
history of various groups, when evolutionary changes went 
on more rapidly. There is also evidence indicating that 
fevolution was orthogenetic — that the evolutionary changes 
in any one group of animals proceeded in definite directions 
for considerable periods of tim^; and further, that allied 
groups, descended from the same ancestral stock, have 
passed through similar or parallel stages in their evolution 
quite independently of one another and of external con- 
ditions, suggesting that the lines of evolution in the various 
groups were determined by something inherited from the 
common ancestor. Examples of this are seen in the 
Chalk starfishes, in the mode of branching of graptolites 
(p, 69), in the development of horns in different evolu- 
tionary series of Titanotheres, and in the evolutionary 
history of various other groups of Tertiary mammals. 

In a natural classification of animals an attempt is 
made to place togethCT in the same group those forms 
which are connected by descent; such a classification, if 
perfect, would be of the nature of a genealogical tree. Each 
main division is termed a Phylum and includes animals 
built on the same fundamental plan and believ^ to have 
descended fi*om one ancestral stock. Each Phylum is 
divided li>nd suMivided. into smaller and smallev groups^ 
known m Classes, Orders, Families, Geneta, and. Spedea 
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A spe^ieR includes a group of individuals veiy closely 
related to one another, which have descended from the same 
i^cestors and can give rise to offspring which are fertile 
among themselves; such individuals usually differ from 
one another to only about the same degree that offspring 
of the same parents may differ. One species is generally 
distinguished from another by such characters as ornamen- 
tation, shape, relative proportion of parts, and size. In some 
epecies one or more groups termed varieties may be recog- 
nised, and are distinguished from the other forms included 
in the species by some slight, but fairly well-marked and 
constant modification. V^irieties are frequently connected 
with the special physical or biological conditions under 
which they are living. The varieties in some species pass 
into one another by intermediate forms; but others ap- 
pear to be fairly distinct and may be regarded as incipient 
species. 

Sometimes two groups of individuals resemble each 
other so closely that they might be regarded as belonging 
to the same genus or even to the same species, but they 
have descended from different ancestors since they are 
found to differ in development (ontogeny) or in their pate- 
ontological history ; this phenomenon, of forms belonging 
to different stocks approaching one another in character, 
is known as convergence or hst&ipgenetic homoBomorphy, 
and may occur either at the same geological period or at 
widely sepa^rated intervals. Thus the form of oyster known 
as Oryphaia has originated independently from oysters 
of the ordinary type in the Lias, in the Oolites, and 
again* in . the Chalk ; these forms found at different 
horizons closely resemble one another and have usually 
been regarded as belonging to on^ genus (Orypfuea\ but 
they have no direct genetic connection with one another. 



16 


INTRODUCTION 


Similarly in various species of Terebratulids a double fold 
or biplication has arisen in the front part of the shell, thus 
giving considerable resemblance to different i^Jpecies which 
are not closely related to one another. Then again sutures 
similar to those of Geratites from the Trias are developed 
in some Chalk Ammonites which have no genetic connection 
with Geratites. 

Also, animals belonging to quite distinct groups may, 
when living under similar conditions, come to resemble 
one another owing to the development of adaptive modifica- 
tions, though they do not really approach one another in 
pssential characters ; thus analogous or parallel modifica- 
tions may occur in independent groups — such are the 
resemblances between flying reptiles (Ornithosaurs) and 
birds, and between sharks, ichthyosaurs and dolphins. 
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Classes. Orders, 

{ 1. Foraminifera. 

2. Badiolaria. 

3. Others not found fossil. 

2. Flagellata or Masligophora (not fossil). 

3, Infusoria (not fossil). 

4. Sporozoa (not fossil). 

The Protozoa include the lowest forms of animals, such as 
Amoeba, Vorticella, and Globigerina, The body is usually 
very small, and consists in many cases of one cell only, in 
others of more than one, but the cells never form tissues 
as they do in all other animals. A cell consists of pr'oto* 
plasm — a viscid or semi-fluid living substance containing 
granules; in the centre of the cell is a denser, usually 
spherical body called the nucleus — sometimes more than 
one is present. 

In some Protozoa (the Gymnomyxa) the protoplasm is 
naked, and consists of an inner granular mass and a thin, 
clear, outer layer ; such forms are further characterised by 
having no definite shape, by being able to taj^e in food at 
any part of the body, and by possessing the power of 
throwing out lobes or filaments of protoplasm known as 
pseudopodia. In others (the FlageUata and Infusoria) the 
protoplasm is surrounded by a firm membrane or cuticle 
which givfes the animal a definite form; the food is generally 
taken in at one permanent aperture, and pseudopodia are 
seldonj^presenfc, but the surface is provided with cilia or 
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flagella, which are fine threads of protoplasm having a 
definite form and a rhythmic movement. 

Reproduction in the Protozoa takes plae^^ usually by 
fission (t.e. division into two parts) and sometimes by the 
formation of spores. In some cases conjugation of two or 
more individuals occurs, representing to some extent sexual 
reproduction. In some of the Protozoa there is no skeleton, 
but in others a shell is formed. 

The Protozoa can be divided into four main groups, 
(1) the Gymnomyxa, (2) the Flagellata, (3) the Infusoria, 
(4) the Sporozoa ; no examples of the last three divisions 
have been definitely recognised in the fossil state. 

CLASH 1. GYMNOMYXA (SARCODINA) 

The members of this group possess no external mem- 
brane (cuticle), and are able to throw out pseudopodia, by 
means of which movement takes place and food is obtained. 

The Gymnomyxa or Sarcodina are divided into several 
orders, of which only two have been found fossil, namely, 
the Foraminifera and the Radiolaria. 

OBDEB I. FOBAMINIFEBA 

The Foraminifera are characterised by their thread-like 
pseudopodia, which frequently branch and anastomose; and 
by possessing in most cases a shell or test, which nugr be 
calcareous, afenacoous, chitinous, or gelatinous. 

The calcareous forms are by far the commonest, and in 
these, two kinds of shell may be distinguished, namely, the 
vitreous and the porcellanom. In the vitreous, the shell 
has a glassy appearance, and is perforated by innumerable 
tubes for the passage of the pseudopodia; in some -forme 
{e*g, Botalia) these tubes are of an inch in diameter, 
but in others {e,g, Operculina) only tfJw ^ ^ 
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the ^roeliaaOud forms the shell, when vie\?ed by reflected 
lightfis op^ne and white, having the appearance of porce- 
lain ; it is pot perforated by tubes, but possesses one or two 
large apertures through which most of the pseudopodia 
pass out — some, however, are given off from the layer of 
protoplasm which covers the surface of the shell. In these 
porcellanous Foraminifera the shell is sometimes pitted, 
producing at first sight the appearance of perforation. 

In the arenaceous forms the shell consists of foreign 
particles joined together by a cement. The particles are 
usually grains of sand (commonly quartz), but sometimes 
sponge spicules, or the shells of other Foraminifera. The 
cement may be formed of chitinous, calcareous, or ferru- 
ginous material. The shell is often imperforate. 

The chitinous forms (e,g. Groniia) do not occur as 
fossils. 

The shell of the Foraminifera varies considerably in 
form and structure ; in some genera it consists of a single 
chamber, when it is said to be unilocular, as in Lagena 
(fig. 3 F) which is generally flask-shaped. In other cases 
it consists of several chambers communicating with one 
another, either by perforations in the walls (septa) be- 
tween them, or by larger openings. In these multilociilar 
forms the shell grows by the addition of a new chamber 
at the end of the one last formed ; this takes place by the 
protrusion, through the aperture or mouth of the shell, of 
a luass of protoplasm, at the surface of which the wall of 
a new chamber is formed either by the secretion of material 
or by cementing of foreign particles. The arrangement 
of the chambers in the multilocular Foraminifera is veiy 
varied ; they may be placed in a straight line as in iVbdo- 
(fig. 4 H), in a curved line as in Dentalina, in a 
plane Spiral as in Cristellwria (fig. 8 Q), or in a helicoid 

2— -2 
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spiral as in Rotalia (fig. 3 L, M). The earlier whorls in 
fiipme spiral forms are partly or entirely covered by the 
later ones, so that sometimes the last whorl only is visible 
on the exterior {e.g, Gristellana) ; but when the later 
chambers are merely attached to the extremities of the 
earlier ones, all the whorls can be seen (e.g, Operculina), 
Some genera, such as TextulaHa (fig. 3 E)* have two rows 
of chambers placed side by side ; others (Tritaada) have 
three. In some cases (e.g, OrbitoKtes) there are numerous 
chambers arranged in concentric rings instead of in a spiral. 



Fig. 1. A, section of a foraminifer in which each septum is formed of a 
single lamella. B, in which the septum is formed of two lamellee. 
a, passages between the chambers ; septum ; c, anterior wall of 
last chamber; d, sui)plemontal skeleton. (After Carpenter.) 

In the porcellanous and the simpler vitreous Forami- 
nifera each septum (fig. 1 A, 6) consists of a single lamella 
which is really the front wall of the preceding chamber ; 
but in the higher vitreous forms each septum (fig. 1 B, b) 
is formed of two lamelloB, owing to the fact that when a 
new chamber is added to the shell a new wall is secreted 
next to the front wall of the last chamber. The shell of 
the vitreous Foraminifera is at first thin, but may after- 
wards increase in thickness by the addition of material at 
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the surface ; in the higher vitreous forms the outer layers 
constitute what is known as the supplemental skeleton 
(fig. 1 B, d), which is traversed by numerous canals con- 
nected with canals in the septa and other parts. . 

A considerable number of the Foraminifera, especially 
the higher forips, are dimoiphic — that is to say, there are 
two forms of the same species. This fact was first noticed 
in specimens of Nunmiulites from the Eocene deposits. 
In one form, the first or initial chamber, which is seen at 
the centre when the shell is split, is large and more or less 


A B 



Fig. 2. Dimorphism of Nummulitea Iteiyigatusy Bracklesharn Beds 
(Eocene), Selsea. A, section of the entire shell of the megalo- 
spheric form B, section of the central part of the mfcrospheric 
form x9. 

spherical and is called the megalosphere (fig. 2 A); in the 
other it is much smaller and is known as the microsphere 
(fig. 2 B). These two forms are found associated together, 
and were, at one time, described as different species. In 
the micfospheric type the shell coinmonly, but not always, 
grows to a larger size than in the rnegalospheric type, and 
individuals of the former are much less numerous than of 
the latter; in other respects the two are similar. The 
relationship of the microspheric and rnegalospheric shells 
has Ueen elucidated by a study of the life-history of Poly- 
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stomella and other living Forarainifera. When reprodnption 
takes place in the microspheric form all the protoplasm 
passes out of the shell and divides into spherical masses, 
each of which secretes a shell and develops into a mega- 
lospheric individual. In the reproduction of the megalo- 
spheric form the protoplasm divides into small rounded 
portions which pass out of the shell as nioving spores — 
^oospores ; it is believed that two zoospores from different 
individuals conjugate and give rise to a microspheric in- 
dividual. There are, therefore, two modes of reproduction — 
one asexual, the other apparently sexual, which alternate. 

For convenience of reference the Foraminifera may be 
divided into three groups, the characters of which are 
based on the structure and composition of the shell ; but 
this cannot be regarded as a natural classification since it 
sometimes separates allied forms, and also in some types 
which are usually calcareous we occasionally meet with 
species in which the shell consists largely of sandy 
material. 

I. Porcellanous Forms, 

vShell calcareous, porcellanous, not perforated by canals, 
but provided with one or two large apertures through which 
the pseudopodia pass out. 

^ Miliola (fig. 3 A — D). Shell rnultilocular, the early chiimbers 
spiral, the later (jhamborw coiled on an elongated axis, each chaml>er 
forming half a convolution. In some cases all the chambers are 
visible externally on both sides of the shell (fig. 3 D) ; in others, 
owing to the lateral prolongations of the chambers^ only tliio I^^t one 
or two are seen (fig. 3 A— C) ; or it may be that more chambers are 
shown on one side than on the other. The external feattues of the 
shell consequently vary considerably, and on account of this and 
other features in the mode of coiling, the forms included \mder the 
term Miliola are now regarded as constituting a number of diyailnct 
genera to which the following names have been ^\m\--BUocuUna^ 



Fig. 8. Foraminifera (recent). A, B, Biioculina depressa* ilbotion. 

\ ^ Df Spiraloeulina limhata. "Eii TexUUaria 

hhrtettU F, Lagep/a §uleata, G, Cristellaria rotulatu, H, Nodo~ 
»iaria radicula, I, K, Qtobigerina bulloides, L, M, BotcUia beecarL 
(After Brady.) All enlarged, |ip; 



24 


PROTOZOA. FORAMINIFEBA 


Fabularia^ Spiroloculina^ Miliolina^ Q^mqmlocvlviva,^ etc. Trias to 
present day. Ex. Miliolvum aeniinulum^ Eocene to present day ; 
Biloculina ringm^t^ Eocene to present day ; Spiroloculhia planulata, 
London Clay to present day. 

% Orbitollte a, SliolL^Hscoidal, generally rather large, composed 
of eitlier a small spiral ^Mirt at the centre, or of one or more large 
central charnl>ers, around which are many concentric rings divided 
into numerous chambers by radially arranged septa ; the chambers 
of adjacent rings communicate by radial openings, and at the external 
margin of the last ring are jmres opening to the exterior. Above 
and below this layer of chambers there may be other layers of smaller 
chambers arranged concentrically. Lias to present day.^ Ex. 0. 
complaiiata^ Eocene. 

Hic /AWeollna. Shell fusiform or elliptical, sometimes nearly 
globular, composed of many whorls coiled around the long axis of 
the shell ; each whorl conipletely covers the one preceding it, and is 
divided into long chambers by partitions parallel with the axis of 
the shell ; these are divided into smaller chambers by partitions at 
right angles to the others. Chalk to present day ; chiefly Eocene. 
Ex. A. hosci, Eocene. 

II, Arenaceous Forms, 

Shell composeil of grains of sand or other particles 
cemented togethi^r by chitinoiis, calcareous, or ferruginous 
material. 

Saccammina. Shell usually free, compact, forihed of a single 
spherical, pyriform, or fusiform chamber with a projecting aperture 
at one or both ends, or of a number of chambers united end to end. 
Surface smooth or nearly smooth. Ordovician, Devonian, Carboni- 
ferous, and living. Ex. S. fusuUniformis {mcarteri)^ Carboniferous 
Limestone. 

LitUOla. Shell free, composed of coarse grains, spiral or 
crosi^^SEaped. Septa labyrinthine. Aperture simple or sieve-like. 
Carboniferous to present day. Ex. L, nautUoidea^ Chalk. 

ic <j |rblt Qlina. Shell partly sandy ; conical or flattened, with 
convex upper, and usually concave lower surface; consisfing of 
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central compressed chs^bers surrounded by concentric rings of 
chambefs. Cretaceous. Ex. 0. comava^ irpper Greensand. 

Endothj^ra. Shell free, largely calcareous ; spiral, nautiloid, 
or rotaliform ; cliambers numerous, comiK)sed of an outer calcareous, 
perforated layer, and an inner compact layer formed of small grains 
cemented together. Apertures at the inner margin of the last 
chamber. Carboniferous to Trias. Ex. E, hotvinani^ (Carboniferous 
Limestone. 

Taxtularia (fig. n E). Shell arenaceous (in the small forms 
it is**vitreous)’ ; conical, pyriform, or cuneiform ; composed of 
numerous chambers in two alternating parallel series. Aperture 
slit-like on the inner edge of the last chaml>cr. Carboniferous to 
present day. Ex. T, glohulom^ Chalk. 

III. Vitreous Forms. 

Shell of calcite, vitreous, perforated by numerous 
minute canals for the pjissage of the pseudopodia. 

" • ^ ®b®ll unilocular, very finely i)erforated. 

Form poKose, ovate, or flask-shaj)od. A single terminal aperture, 
NSometiraeb ^t the end of a long neck ; rarely two apertures. Surface 
smooth, iiW>d, striated, or spinous. Upper Cambrian to present 
day. ISiL Strata, London Clay to present day ; L. sulcata^ Silurian 
to present 

^ Nodosaria (fig. 3 H). Shell composed of a number of 
chamSSraT^ich are circular in tr.ansversc section, arranged in a 
straight line, and separated by constrictions. Aperture at the apex 
of the last chamber. Surface smooth or ornamented with granules, 
spines, or ribs. Cambrian to present day. Ex. JV. zippei^ (Cault 
and Chalk. 

Clistellaria (fig. 3 G). Shell compressed, lenticular or 
elongaWTOTIinTdcular, coiled in part or entirely in a plane spiral ; 
each coil usually covers the one preceding it. Upper ( Cambrian to 
present day. Ex. C. rotidata^ Chalk. 

®!£Wgerina -(fig. 3 I, K). Shell perforated by large canals ; 
chamBerTgloKiiEr, few, arranged in a plane or helicoid spiral, each 
chamber opening by a largo aperture into the central cavity of thei 
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spire. No supplemental skeleton. Pelagic forms usually wilh spin^. 
Trias to present day. Ex. O, cretaoea^ Chalk. 

Orbullna. A single spherical chamber, with j)erforatians of 
two sizes. Sometimes with smaller chambers (similar to b, (jflobi- 
gerina) inside the large spherical one. Lias to present day. Ex. 0. 
univerm^f Lias to present day. 

Rotalla (fig. 3 L, M). Test very finely perforated, multi- 
loculAr. The chambers arranged in a helicoid spiral, so that on the 
upper surface all the whorls are* seen, on the lower only the last one. 
The aperture is in the form of a curved slit on the lower surface of 
the last chamber. The septa are usually formed of two layers with 
canals between the layers. A supplemental skeleton is often present. 
Lower, Cretaceous to present day. Ex. R. heccarij Miocene to 
present day. 

Calcarina. Test lenticular, spiral, with only the last whorl 
visible on the base. Supplemental skeleton greatly developed, 
traversed by numerous canals, and projecting as long spines from 
the margin. Chalk to present day. Ex. 0. caldtrapoideBi Chalk. 

FuBUl ina. Shell fusiform, composed of elongated whorls; 
each whorl completely covers the preceding one, and is divided by 
septa into a number of chambers, which may be again divided into 
smaller chambers. Adjoining chambers communicate by a slit 
at the middle of the base of each septum. Septa folded, each 
consisting of a single layer. Aperture in the form Of a fissm-e. 
Carboniierous and Permian. Ex. cgliTidnca^ Carboniferous 
Limestone. 

Amphifltegina. Shell lenticular, with sharp edge ; the upper 
and lower surfaces unequally convex ; formed of numerous chambers 
coiled in a plane spiral, etich coil almost completely enclosing the 
preceding one. Septa formed of a single layer. Supplemental 
skeleton at the centre of the shell. Aperture similar to that of 
Rotalia, Carboniferous, and Miocene to present day. Ex. A. 
kaueri^ Miocene. 

^I fummulit ea (figs. 2, 4). Shell lenticular in form, and coihr 
posed of a large Tiumber of whorls coiled in a plane spiml. . Usually 
each whorl completely covers the preceding one by means of the 
lateral prolongations of the chambers, so that externdly only the, 
last whorl of the shell is visible. The whorls ate -divided into 
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chambers^ (d) by septa (6) which are slightly curved backwards ; 
each chatnber comtnunicates with the neighbouring one by means of 
a median fissure^ at the inner margin of the septum. Each septum 
is formed by two lamellflB. A supplemental skeleton is present, 
part of it forming what has been termed the * marginal cord^ (a). 
The general shell-substance is minutely perforated, and a system of 
canals also traverses the septa and supplemental skeleton. Aperture 
in the form of a slit at the inner margin of the last chamber. The 
shell splits readily into two similar parts along the median plane, 
owing to the relatively lai*go size of the parts of the chambers 
occurring there. The earliest species of Nv,mmulitm occurs in the 
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Fig. 4. Nummulites, showing vertical and horizontal sections, a, mar- 
ginal cord with canals (supplemental skeleton) ; septum, with 
canals ; c, chambers ; <1^ test ; c, pillars of the supplemental skele- 
ton. (After Zittel.) Enlarged. 

Carboniferous Limestone of Belgium; others have been recorded 
from the Upper Jurassic of Amberg (Bavaria); the genus attains 
its maximum in the Eocene ; only one or two rather rare forms are 
living, one of which (A, cummingx) is found in shallow water in 
tropical and sub-tropical regions. In the English Eocene the genus 
is found in the Barton and the Bracklesham ileds. Ex. N'. Icevigatus^ 
Bracklesham Beds. 

Similar to Numniulites, but whorls fewer and 
raphll}' enlar^g, all visible externally; each of the earlier whorls 
^rtly endoses the preceding one. Cretaceous to present day. 
££ 0. Miocene. 
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Orbitoid68. Test lenticular or discoidal, composed of a 
mediSBTISySrTT rectangular chambe^rs arranged in concentric rings 
which are often incomplete ; the chaml)ers of adjacent rings com- 
municate by oblique •passages. Above and below this layer are 
numerous layers of smaller cliambers ; these chaml>ers arc flattened 
and irregular in form, placed one above the other in piles, and 
arranged more or less concentrically. The test is minutely per- 
forated, and canals traverse the septa and marginal cord as in 
Nummnlitcs ; the septa are also formed of two laraellte. Chalk to 
Miocene ; chiefly Eocene. Ex. 0. papi/racea^ Eocene. 


Distribution of the Foramimfera,. 

The majority of the Foraminifem are marine, most of 
them living on the sea-bottom. A few however, as for 
instance Globigerinaj exist at or near the surface in the 
open ocean, and these are very important on account of 
their abundance, especially in warm seas. The distribution 
of the pelagic Foraminifera in the open ocean, as well as 
those which live on the sea-floor in shallow water, is in- 
fluenced largely by temperature; the former are more 
numerous in wjuin regions and in warm ocean-currents 
than in colder water, whilst the species of the latter often 
have their range determined by temperature and depth. 

The Foraminifera found in the Palaeozoic deposits are 
mainly vitreous and arenaceous forms. They appear. first 
in the Cambrian rocks, but are comparatively rare until 
the Carboniferous, in which some beds are formed largely 
of their shells, as for instance, the Saccammina-limestone 
of the north of England and Scotland, the Endothyra- 
limestone of North America, and the FM^ifZiwa-limestone 
of Russia, China, Japan and North America. The Fora- 
minifera are mostly of small size in t he Permi an of England ; 
they are comparatively rar e in t he Tri^s, but become 
abundant in the Jurassic, where, however, rock-6uildinfr 
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types are generally absent. In the Lias' the introduction 
of numerous vitreous species {Nodosaria, Gristelldrid, etc.), 
many of which appear to be allied to forms now living in 
tropical or warm-temperate regions only, is noteworthy; 
some porcellanous forms belonging to the Miliola group 
are also fairly common. A larger number of genera and 
species are found. in the Middle and Upper Jurassic than 
in the Lias.' 

The Order continues to be well rep resen ted irt the 
Cretaceous formations, particularly in the Gault and 
Chalk — Urbitolma, Galcarina, Qlobigerina, liotalia, etc. 
being common. Some beds of the Chalk, especially the 
Micrastey' zones and the Chalk Rock, are largely composed 
of Foraminifera such as Glohiyevina^ Textulariay BoUvina, 
Flahellina. 

The Foraminifera attain their gr(?atest development 
in T ertiary , and recent times. In the Eocene deposits 
Nummidites is often extremely abundant and of large size, 
forming the greater part of the massive Nummulitic 
Limestone of Southern Europe, Egypt, Asia Minor, and 
the Himalayas; Miliola^ OrhitoliteSy Alveolinay Operculina, 
and Orhitoides are also important rock-building-forms in 
the Eocene period. In the English Eocene, Foraminifera 
are numerous^ in the Thanet Sands and the London 
Clay ; in the Barton and Bracklesham Beds NurnrniditeSy 
Miliolinay AlveolincUy etc, occur. Amphistegina is abundant 
in the Miocene. A large number of forms occur in the 
Pliocene deposits of East Anglia and of St Erth in 
Cornwall. 

The genera and species of the Foraminifera have 
generally, as might be expected from their low organisa- 
tion, a long range in time ; some of the species which occur 
in the Palaeozoic are still living. 
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ORDER II. RADIOLARIA 

In the Radiolaria the body consists of a central mass of 
protoplasm, enclosed in a membrane known«as tbe centnd 
capsule (fig. 5, 2 ). The intracapsular protoplasm contains 
one or more nuclei, and is continuous, through pores in 
the capsule, with a layer of protoplasm outside the cap- 
sule ; this layer gives off thread-like pseudopodia, which 
occasionally unite. A skeleton (fig. 5, l) is generally 
present and is usually composed of silica; but in one 



Fig. 5. Heliosphtpra inermu, x S50. Recent. (After Butsohli.) 1, skele* 
ton ; 2^ central capsule ; S, nucleus. Pseudopodiafi^ project from the 
surface. 

group of Radiolaria it consists of a substance which was 
formerly regarded as horny in nature and termed acanthin, 
but is now believed to consist of strontium sulphate. The 
skeleton shows great diversity of form and complexity 
(fig. 6); it may be entirely outside the central capsule or 
partly within, and consists either of isolated spicules, or 
of a lattice-like or reticulate structure of vaiying shape, 
frequently with projecting spines. 
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The Eacjiolaria are all marine and mainly pelagic; the 
majority live between the surface and a depth of 200 
fathoms, but , a few forms occur in much deeper water. 
They have a very wide geographical distribution, being 
found in all climates, but show the greatest variety of 
forms in the seas between the tropics ; they are also abun- 
dant in individuals in the Arctic seas, but the variety of 
forms is relatively small. In some of the deeper parts of 
the Pacific and Indian Oceans the empty shells of these 
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Fig. 6. Fossil Badiolaria. A, Lithdcampe tschernyschewi, Devonian. 
B, Trochod'kcus longupinm^ Carboniferous. C, Podocyrtu schom- 
lurgkii Barbados Earth (Tertiaiy). All largely magniih^d. 

animals settle and accumulate on the sea-bottom, forming 
a siliceous deposit known as ‘Radiolarian ooze/ Only 
those Radiolaria in which the shell ‘consists of silica are 
preserved as fossils. 

Cayeux has described as Radiolaria some bodies found 
in the Pre-Cambrian rocks of Brittany ; they are much 
smaller than later forms of the group, and are thought by 
some authors to be simply inorganic aggregations. Im- 
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perfectly preserved Radiolaria have been recorded from 
*ibe Gambrian of Thuringia. 

In Britain the earliest examples of tl^e Radiolaria 
occur in the O rdovician rocks of the south of Scotland, 
where they form beds of chert ; others which are perhaps 
of nearly the same age, have been found in a chert from 
Mullion Island (off the west coast of the Lizard). A few 
specimens have been noticed in the Carboniferous Lime- 
stone of Flintshire ; whilst in the Carboniierdiis Limest()ne 
of South Wales and in the Lower Cnlnl of Devon and 
Cornwall these organisms contribute largely to the forma- 
tion of thick bods of siliceous rock (cherts, etc.) — some, at 
any rate, of these deposits appear to have been formed in 
shallow water. At several localities on the continent 
Radiolaria are fairly common in the Mesozoicjfonnat 
but in England only a few have been recorded from the 
Lias, the Lower Greensand, the Tipper Greensand, the 
Cambridge Greensand, and the Chalk . In the Tertiary 
some have been obtained from the London Clay of 
Sheppey. A very important Radiolarian formation of late 
Tertiary age covers large areas in the Island of Barbados, 
and is known as the ‘ B tirbados Ear th ' ; it resembles very 
closely the modern Radiolarian ooze mentioned above, 
and is probably a deep-sea deposit. 
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Classes. 

1. Hexactinellida. 


2. Demospongiae 


3. Galoarea. 


Orders. 


' 1. MyxoBpongida. 

2. Oeratosa. 

3. Monaxonida. 

^ 4. Tetraxonida. 

5. Lithistida. 

0. Octactinellida. 

; 7. Heteractinellida. 


Sponges vary greatly in form, size, and complexity of 
structure. A simple type is similar to a vase or hollow sac, 
fixed by the lower end, and with an opening or osculum 
at the upper extremity. The wall of such a sponge is thin, 
and perforated by a large number of pores through which 
water flows into the central or gastral cavity and passes 
out by the osculum; by this means the sponge is provided 
with food and oxygen and gets rid of waste matters. The 
wall of the sponge consists of two layers — an outer or 
dermal and an inner or gastral; the dermal (fig. 7, 2) is 
formed of a surface-layer of flattened cells, with a gelatinous 
layer beneath containing various c^lls, some of which 
secrete the elements of the skeleton. The gastral layer 
(fig. 7, 3) consists of a single layer of cells, each cell being 
provided with a collar-like projection, in the ^centre of 
which is a long flagellum; the circulation of water through 
the sponge is produced by the movements of these flagella. 
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A simple form like that just described is found in the 
young stages of many spcmges which afterwards, in their 



Fig. 7. Vertical section through Leucosoleniat calcareous sponge. 
Highly magnified. (From Minohin.) 1, sieve-like membrane cover- 
ing the osculum ; 2, out^ layer ; 3, collar or flagellated beUs (the 
pbin^r should have been continued to indicate .the cells lining 3) 
4, spicules ; 6, gastral cavity. 

adult condition, are mu<ih Haore complex. Owing tp the 
grow th of the spc^ge-wall being unequstl in diflfereht parts» 
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either fields or tuhe-like projections are formed, and these 
subsequently become more or less completely fused, so 
that the wall* is much thickened (fig. 8) and is traversed 
by canals which are really spaces enclosed between the 
folds and outgrowths. In such forms the flagellated cells 
are frequently confined to chambers in the sponge-wall 
(fig. 8, 4). Canals, called incurrent or inhalent canals (2), 
pass from the surface of the sponge to these chambers, and 



Fig. 8. Section of a portion of Grantia^ a calcareous sponge. Highly 
magnified. (From Dendy.) 1, openings of inhalont canals; 2, in- 
halent canal; 3, openings of inhalent canals into flagellated cham- 
ber; 4, flagellated chamber; 5, collar cells ; 6, spicules; 1,,<^xhaient 
opening of flagellated chamber. 


others, the eaccurrent or exhalent canals, may lead from the 
chambers and open into the gastral cavity. Further 
complic^ions, such as branching ^f the canals, may oCcur. 
The thick wall of these mor^bomplex sponges is formed 
mainly of the gelatittous layer. 
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In a sponge consisting of a single individual, ^he form 
depends mainly on the relative rates of growth in different 
directions, and may be cylindrical, vase-Uke, globular, 
discoidal, etc. In a compound sponge the form depends 
also on the way in which the young individuals of the 
colony are attached to the parent, and in addition, on their 
remaining free or becoming fused together; in the latter 
case the individuals of the colony are frequently dis- 
tinguishable by their oscula only ; when the individuals 
remain free, arborescent or bushy colonies may result (fig. 
12); if they become fused, the sponge may be fan-shaped, 
funnel-shaped, cup-like, tubular, mushroom-shaped, massive, 
encrusting, etc. 

Neaily all sponges are attached to some foreign object 
— ^generally by the base of the sponge, but in forms which 
are fixed in the mud, especially deep-sea forms of the 
Hexactinellida, and in some Tetraxonida, this fixation is 
by means of a root-tuft or rope of long spicules. 

In nearly all sponges there is a skeleton, which serves 
to support the canals and chambers and also for protection. 
This skeleton may consist of fibres of a horny substance, 
similar to silk in composition, and known as spongin ; or 
of mineral particles, termed spicules (fig. 8, 6), composed of 
carbonate of lime or of colloid silica ; or it may consist of 
both siliceous spicules and spongin. Those forms only 
which have either a siliceous or calcareous skeleton are 
definitely known as fossils. Each spicule consists of a 
number of rays or arms, coming off from a centre, which 
is the point where the formation of the spicule commenced. 
In some groups, as for instance in the Monaxonida and 
Tetraxonida, the spicules are not united or are joined 
by spongin only ; but in others they are fused together or 
interlocked so as to form a complete scaffolding, and 
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generaHy it is in these only that the external form of the 
sponge has been preserved in the fossil state. In most 
siliceous sponges, two kinds of spicules may be distin- 
guished, the skeletal-spicules or megascleres which build 
the main part of the skeleton, and the flesh-spicules or 
microscleres which are smaller and isolated and are seldom 
preserved as fossils. In the axis of each spicule there is 
a canal known as the axial canal (fig. 9, c), which in the 
living sponge is occupied by a thread of organic matter; 
this is the first part of the spicule to be formed,, the mineral 
matter being subsequently deposited around it. 

The spicules of recent siliceous sponges are characterised 
by the glassy appearance of their surface, and by the silica 
being colloidal, isotropic, and soluble in heated caustic 
potash. But in the fossil state the spicules have generally 
undergone considerable change ; occasionally their silica 
is still colloidal but the surface has no longer the glassy 
appearance, and the axial canal is frequently filled with 
secondary silica in a crystalline or crypto-crystalline con- 
dition, and is consequently ea.sily distinguished by the aid 
of polarised light when the spicule itself still remains 
colloidal. Generally, however, the spicule has become 
ciystalline or crypto-crystalline, and in such cases the axial 
canal can rarely be detected since it is filled with material 
in the same condition. Sometimes the silica of the spicules 
has been entirely removed, a hollow cast only remaining ; 
in other cases it is replaced by another mineral, as for 
instance by calcite in the sponges from the Lower Chalk 
of Folkestone, by iron pyrites in Protospongia from the 
Menevian Beds of St David's, by iron peroxide in the 
sponged of the Upper Chalk of the south of England, and 
by glauconite in some from the Upper Greensand. 
Obviously then, the colloidal silica of recent sponges is 
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anything but a stable substance, thus differing^ widely 
from crystalline and crypto-crystalline silica. 

The spicules of the calcareous spongesk are usually 
smaller than those of the siliceous forms, and th^ir material 
is not in an isotropic state, but each spicule possesses the 
optical characters of a crystal of calcite ; consequently in 
polarised light these spicules are readily distinguished 
from unaltered siliceous forms, which appear dark between 
crossed Nicol’s prisms. Then again the fossil calcareous 
spicules have undergone much less chemical change than 
the siliceous ones; gen(*rally they are still composed of 
carbonate of lime, for it is only in rare cases that this is 
replaced by silica. The extcTnal form of the individual 
calcareous spicules is, however, often less well preserved 
than in the case of siliceous spicules. 

The forms of sponge spicules, both megascleres and 
microscleres, are very varied, but they can be shown to be 
modifications of a small number of types or fundamental 
forms. The spicules, on account of the constancy of their 
characters, are of great importance in the classification of 
sponges. 

The canal-system is indicated in the skeleton of both 
recent and fossil forms by spaces in the framework of 
spicules or spongin, but these spaces represent only the 
larger canals, the smaller existing in the soft parts 
alone. 

Reproduction in the sponges takes place by budding 
and by the production of ova and spermatozoa. 

The sponges may be divided into three classes: — 
(1) Hexactinellida, (2) Deinospongite, (3) Caloarea. The 
first and second are sometimes grouped together as the 
Non-Calcarea. 




I'ig. 9. Sponge epicules (skeletal), a, monaxonid, Halichondria ‘panicea, 
Beeeni. tetraxonid (calthrops), PcLchastreUa, Upper Greensand. 
Ci ietra^onid (trifiene), Geodites, Eocene, d, lithistid, Scytalia radU 
cycrmU, Chalk, e, lithistid, Seliseothon mantelli. /, hezaotinellid, 
Oa^^tyehium agaHeoides^ Chalk, g, ootactinellid, Astraospongia, 
Siltimn. hf heteractinellid, Asteractinella expaneat Carboniferoas, 

All magnified. . 
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CLASS L HEXAOTINELLIDA 
The spicules in the Hexactinellida (fig. 9,/) consist 
of three axes crossing at right angles to on^ another ; in 
primary forms there are consequently six rays of equal 
lengtii proceeding from a centre. Each ray is traversed 
by an axial canal, and these unite at the point of junction 
of the six rays. Various modifications are produced by 
some of the rays being longer or shorter than the others, 
or almost absent ; and also by the branching of the rays 
and the occurrence of spines, knobs, etc. The spicules may 
remain free or they may be fused with one another by 
a deposit of secondary silica, but they are never united by 
spongin. When spicules with equal rays are united end 
to end, skeleton-cubes are formed, each cube consisting of 
eight spicules (fig. 9,/). Flesh-spicules are abundant, but, 
are seldom found fossil. Some of the spicules form a layer 
near the external surface of the sponge for the support of 
the dermal membrane ; others form a^imilar layer near the 
internal surface; the spicules which constitute the main 
part of the skeleton occur in the middle of the sponge- wall 
and serve to support the canals and flagellated chamber. 
The spicules which form the root-tuft by which many 
Hexactinellids are fixed, are long and thread-like. The 
walls, as a rule, are thin and the canal-system is usually 
simple. 

The earliest form is Protospongia from the Menevian 
Beds of St David’s; Hyalostelia is found in the Tremadoc, 
and also occurs in the Ordovician, Silurian, and Caj:- 
boniferous.. In the Silurian the genera Dictyophyton and 
Phormosella are present. Hexactinellids are not known 
in the Permian and Trias, but they become abundant in 
the Jurassic, especially in the uj5per part, and also in the 
Cretaceous ; they are rare in the Tertiary. 



PORIPEBA. HEXACTINELLIDA 


41 


Pro1;pSpongia (fig. lO). Form unknown but probably cup- 
shaped. Spicules cruciform owing to the reduction of one axis, and 
arranged in a quadrate manner, the larger forming a framework, 
which contains the smaller spicules of two or three sizes, arranged in 
the same regular way, so that the larger squares enclose four or five 
series of smaller ones. The spicules were cither free or probably 
partly fused together. Menevian Beds and Lingula Flags. Ex. 
P. fenestrata, 

Craticul&ria*. Cup-shaped, funnel-shaped, or cylindrical ; 
simple or branching. On both the inner arid outer surfaces of the 
wall are circular or oval canal-oj)enings, which are arranged in 
vortical and transverse rows crossing each other at right angles. 
Canals straight, terminating blindly. Inferior Oolite to lJp]t)er ( ?halk 
(perhaps also Miocene). Ex. C, Chalk. 



Fig. 10. Protospongia fenestrata, Menevian Beds, St David’s. x3^. 
(After Hinde.) The original is in the Briti.sh Museum, Owing to 
the cleavage of the rock the angles of the spicules are distorted 


Ventriculites. Simple, form variable, but usually cup- 
shaped, funnel-shaped, or cylindrical. Central cavity large and 
deep. Walls folded so as to form a series of vertical grooves and 
ridges ; the grooves are divided by transverse extensions of the wall 
into oval or elongate openings. Canal-system well developed ; the 
radial canals are large and start from the central cavity, but end 
Wore reaching the outer surface ; others start from the outer surface 
and end before reaching the central cavity. Spicules six-rayed and 
fused wiyi one another so as to form a mesh-work. The node where 
the axes cross is holkw, having the form of a negative octahedron, 
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the central part of each face of which is absent ;^he ai;|al canals 
cross in the centre of the octahedral space. The Sponge was 
provided with a root consisting of siliceous fibres. ^Chalk. Ex. V, 
radiatvs^ F. im/presam, 

Plocoscyphia. Sponge formed of thin-walled tubes and 
lamina) which anastomose, forming an irregular or rounded mAss. 
Small, close-set openings of canals on the outer surface. Canal- 
system imi)erfe(‘t. Upper Cretaceous. Ex. P, fematrata^ Upper 
Greensand and Chalk Marl. 

CLASS IT. DEMOSPONGL® 

The skeleton consists of siliceous spicules, or of 
spongin, or of both spicules and spoijgin. In some forms 
there is little or no spongin, but in others the entire 
skeleton consists of spongin with no siliceous spicules; 
between these extremes there is a complete passage. The 
spicules are never of the hcxactinellid type. In some few 
cases both spicules and spongin are absent. 

Ordeh 1. Myxospongida. Sponges with no skeleton 
or occasionally with a few isolated spicules. Not known 
in the fossil state. 

Okdeh 2. Ceuatosa. Sponges with a skeleton 
composed of a fibrous network of spongin. This Order 
includes the ordinary bath sponges, etc., and is unknown 
in the fossil state. 

Order 3. Monaxonida. The skeleton is formed of 
spongin and spicules in varying proportions. The spicules 
(fig. 9, a) consist of a single rod or axis, which may be 
straight or curved, and witl\ sharp or blunt ends ; each 
spicule may consist of two rays or of one ray only. In the 
former the two ends of the spicule are alike and there 
is a small swelling of the axial canal at the centre of the 
spicule where growth commenced ; in the latter the two 
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ends dissimilar and the swelling in the axial canal is 
at one end of the spicule, and growth went on in one 
direction only, Microscleres or flesh-spicules may also 
occur but are often absent. Since in this Order the 
spicules are only united by spongin or other decomposable 
material, it is extremely rare to find the form of the sponge 
preserved fossil; usually, detached spicules only occur. 

The earliest representatives of the Monaxonida are 
found in the Silurian ; the Order becomes more abundant 
in tlie Carboniferous, where the genus Reniera occurs. 
Tbe freshwater form Spongilla is found in the Purbeck 
Beds of the south of England. A large number of Mon- 
axonid sponges are still living. 

Order 4, Tetraxonida. The spicules (fig. 9, 6, c) 
consist of four rays given oft* from a common centre, the 
angle between the rays, when the end of one is taken as 
a central point, appearing to be 120°. The rays may be 
equal in length, when the spicule is termed a calthrops 
(fig* 9 6), or unequal ; frequently one is very much elongated 
(%• 9, c), and in such forms, known as trimies, the three 
shorter rays are placed near the surface of the sponge-wall 
and the longer ray is directed inwards. Sometimes the 
terminations of the rays are bifurcated. Spongin is either 
absent or occurs in minute quantities only, and since the 
spicules are not united, the Tetraxonids, like the Mon- 
axonids, are seldom preserved in anything like a perfect 
tionditioii as fossils. The oldest forms occur in the Car- 
boniferous Limestone, where they are represented by the 
genera Oeodites and Pachastrella) others are found in the 
Infra-lias, the Cretaceous and Tertiary formation. 

Order 5. Lithistida. The Lithistids have thick 
stony walls and very variable external form. The spicules 
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(fig. 9, d, e) are stout and irregular in form, but soij[ietimes 
show four rays; the extremities branch or expand, and 
by that means the spicules become firmly interlocked 
with one another, but do not fuse together. These 
irregular spicules (sometimes termed desmas) are formed 
by secondary silica being deposited on small spicules of 
the ordinary kind, which may be four-rayed or consist of 
a single axis. In Jiddition to these irregular spicules there 
is generally a surfiice layer or cortex formed of trisene 
spicules like those in the Tetraxonids. Flesh-spicules 
arc also present. Several different types of canal-system 
occur. The Lithistids are closely allied to the Tetraxonida, 
and are sometimes regarded as a division of that Order. 

Owing to their solidity the Lithistids are preserved 
abundantly as fossils. They are rare in the Pateozoic ; a 
few are found in the Upper Cambrian of Canada ; in the 
Ordovician and Silurian Astylospongia occurs; in the 
Carboniferous Doryderma, etc. No forms belonging to 
this Order have been found in the Devonian, Permian, or 
Trias; they are numerous in the Jurassic, attain their 
maximum in the Cretaceous, and are scarce in the 
Tertiary. 

VerrUCUlina. Irregular, fan- or funnel-shaped, attached by 
a short stalk. Oscula i)laced on prominent elevations on the upper, 
and sometimes also on the under surface. Spicules small, inter- 
lacing and forming a fibrous network. Upi>er Cretaceous. Ex 
ma<yromammata Upper Chalk. 

Pachinion. Pear-, fig- or club-shaped, sometimes cylindrical, 
tapering at its lower part to a short stem. Central cavity large and 
deep, with vertical canals opening into its base. Wall, formed of 
anastomosing fibres, between which are irregular spaces — there are 
no distinct canals; fibres formed of large spicules, branched and 
interlaced. There is also a surface layer composed of small jpicules. 
Chalk. Ex. P. scriptum, Upi>er Chalk. 
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SC3rttllia. Simple, or formed of two or more individuals 
growiiig*close together; cylindrical or club-shaped, with a thick 
wall and a cylindrical stern. Central cavity tube-like, long, con- 
tinued at its ^base by several vertical canals; numerous radial 
canals open into the central cavity and taper toward the external 
surface. Spicules branching, with root-like prolongations. Chalk. 
Ex. /S’, radidformis, 

SeliSCOthon, Mushroom-like, consisting of a fiat or concave, 
circular, plate-like body, and a rounded tapering stem. The circular 
body has grounded or oblique edges, and numerous, small, rounded 
osciila on the uj)per surface ; it is formed of fine vertical radiating 
lamella), sei)arated by spaces crossed by fibres — these spaces forming 
the canal-system. Spicules fine, branching irregularly, with bifur- 
cating extremities, and covered with tubercles or spines. Chalk. 
Ex. S, 'planum. 

Doryderma. Cylindricid, pear-shaj>ed, sometimes branching. 
There are parallel vertical canals opening at the summit of the 
sponge, and smaller radial canals extending from the surface towards 
the centre. Spicules large, of various forms ; also a surface layer 
formed of slender trifid spicules. Carboniferous and Cretaceous. 
Ex. D. henetti^ Upper Greensand. 

Siphonia (fig. ll). Pear-, apple- or fig-shaped, provided 
with a long or shoi’t stalk, which is given oft’ from tlie broad end of 
the lK)dy and terminates in rootlets. The incurrent canals are 
small, slightly curved, and extend radially from the centre of the 
sponge to the surface. The excurrent canals are larger, and are 
arranged parallel with tlie surface of the spemge, extending from the 
base to the summit, where they ojien into the deep central cavity 
by means of a series of parallel ostia. The skeletal-spicules possess 
four rays with bifurcated and expanded extremities, by means of 
which they are interlocked. UpiKjr Greeiisand to Upi>er Chalk. 
Ex. S. tulipa^ Upper Greensand. 

Hallirhoa. Like SipJwnia but with the sides divided into 
lobes. Upper Greensand. Ex. H. costa>ta. 

Order 6. Octactinellida. The spicules (fig. 9, g), 
consist of eight rays, six of which are in one plane 
diver^ng at equal angles, while the other two are at right 
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angles to this plane, forming a vertical axis, fre^tiently, 
however, the vertical axis is only elightly developed or 
altogether absent. The spicules are not nnited. The 
only genus is Atstrwospongia, found in the Silurian and 
Devonian. 

Ohder 7. Heteractinellida. The spicules are un- 
usually large (fig. 9, A), the number of rays vaiying from 
six to thirty. The body spicules are not fused, but there 
is a surface layer in which the spicules are interwoven and 



Fig. 11. Siphonia tuUpa, Upper UreeuBaiid, Wanuinster. A, vertical 
section. 13, horizontal section, c, excurrent canals; /, inenrzent 
canals, x f. 

more or less fus(*d. The only genera are Tholiasterella 
and Asteractinella, found in the Carboniferous rocks of 
Ayrshire. 


CLASS ITT. CALCAREA 

The skeleton consists of spicules composed of carbonate 
of lime in the condition of calcite. The spicules are 
usually much smaller and less varied in form th$Ji those 
of the siliceous sponges, and cannot be separated into 
megascleres and microscleres. There are three kinds, the 
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simple the three-^^ — with the rays in one 

plane (fig, 9, j), and the four-rayed ; they are sometimes 
fused with one another, but often are either arranged 
close together so as to form fibres, or are loosely dis- 
tributed. Spongin is never present. The earliest British 
forms of the Calcarea occur in the Carboniferous rocks of 
Fifeshire. 

Peronidella. Cylindrical, simple or branched ; central cavity 
tubular and extending from the summit to the base of the sponge. 
Walls thick and with no definite canals, but having irregular simces 
between the spicular fibres. Spicules three- or four-rayed, forming 
anastomosing fibres. Carboniferous (possibly also Devonian) to 
Cretaceous; most abundant in the Jurassic and Cretaceous. Ex. 
P. pistitliformis^ Great Oolite and Combrash. 

Coxynella. Form similar to Peronidella. Radial excurrent 
canals open into the central cavity, which often does not extend to 
the base of the sponge, but is continued downwards by vertical 
canals. Incurrent canals fine, directed obliquely downward. Osculum 
usually with radial furrows. Jurassic and Cretaceous (? Trias). Ex. 
C. foraminosay Lower Greensand. 

HolCOSpongia. Simple or compound : individuals usually 
spherical, hemispherical, or club-shaped ; their, summits rounded, 
with a central firea in which a number of excurront canals open, 
and from which furrows extend dowui the sides of the sponge. 
Spicules large and three-rayed, and some also filiform and a surface 
layer of three-rayed spicules, of various sixes, felted together.. 
Inferior Oolite to Cretaceous. Ex. II. politaj Corallian. 

Rtiaphidonema. Cup- or funnel-shaped or leaf-like, usually 
with definite canals. Oscula on either the inner or the outer 
surface. Spicules of three rays, one of which is but slightly 
developed. On one (or sometimes both) surfaces is a thin, compabt 
or finely porous layer of spicules. Trias to Cretaceous. Ex. 
jR. maoropordy Lower Greensand. 

Bgiroiilia (fig. 12). Usually compound and bushy. Individuals 
cylindrical, each dirided into a series of chambers by transverse 
partitiot^ which have a central circular opening, through which 
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a tube usually passes. Canals simple, numerous, minute. Spicules 
slender, three-rayed ; also a surface layer of larger spicules. Lower 

Greensand to Chalk, Ex. B. anastomans, Lower Greensand. 

• 

Poroaphaera. Small simj)lo sponges, commonly more or less 
spherical, but sometimes pear-, thimble-, or melon-shaped; often 
free, but sometimes atbiched to foreign bodies. Numerous, simple, 
straight, radiating canals open at the surface by minute apertures. 
Spicules with four rays, of which three are short and l)lunt and fused 
to the rays of adjoining spicules, whilst the fourth ray is longer and 
tapering. A surface layer (not often preserved) consists of a mixture 
of minute three- and four-rayed spicules and simple rods. Upi^er 
Cretaceous. Ex. 1\ glohularuy Chalk. 



Fig. 12. BarroUia anaatomans, Lower Greensand, Faringdou. A, colony 
B, vertical section of three individuals of a colony, x 

Distribution of the Porifera, 

The Sponges are all aquatic, and with the exception of 
the Monaxonid genus Spongilla and its allies, all noiarine. 
They are found in the seas of all parts of the world and are 
more numerous between the shore-line and 200 fathoms 
than at greater depths; many of the genera have a 
very wide distribution. All the Orders except the Octa- 
ctinellida and the Heteractinellida have living repre- 
sentatives. The Monaxonids are abundant between the 
shore-line and 200 fathoms, and gradually decrease in 
numbers beyond that limit. The Tetraxonids %,re also 
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common in water of lejss depth than 200 fathoms, but 
extend Sown to 2000 fathoms. The Lithistids range from 
7^ to 1075 fathoms, and are most abundant between 100 
and 150 fathoms. The Hexactinellids occur in deeper 
water than the Lithistids, being found down to a depth 
of 2900 fathoms ; but they are abundant between 100 and 
200 fathoms, and again between 800 and 700 fathoms. 
The Calcarea are mainly shallow water forms. 

The fossil forms are comparatively rare in the Pateozoic 
rocks until we reach the Carboniferous; and throughout 
the geological formations they are much less abundant 
in argillaceous than in calcareous and arenaceous rocks. 
Sponges are first found in the Lower Cambrian rocks; the 
earliest British form is Protospongia from the Menevian 
Beds and Lingula Flags; in the Tremadoc the Hexacti- 
nellid genus Hyalostelia occurs, ranging onwards as far as 
the Chalk. In the Ordovician we have in the Llandeilo 
Beds the first appearance of Ischadites\ associated with 
Hyalostelia ; in the Bala Beds we meet with Astylospongia, 
The most abundant Silurian form is Ischadites ; ' Astrwo- 
spongia, Phor^mosella, and Hyalostelia also occur. Sponges 
are rare in the Devonian, but Astrwospongiaf Spheero- 
spongia^, and Itecej)taculites^ have been recorded. In the 
Carboniferous rocks sponges become much more common, 
the siliceous spicules often forming thick beds of chert : 
the Monaxonids are represented l)y Reniera, the Tetra- 
xoiiids by OeoditeSy the Lithistids by Poryderma, the 
Hexactinellids by Hyalostelia, and the Heteractinellids by 

^ The sponge-character of the Silurian and Devonian genera IschaditeB, 
MeceptaculiteSy and Spheerospougia, which have been placed by some 
authors in the Hexactinellida, is now disputed ; if they are sponges it is 
probable that they belong to the Calcarea, since their skeleton appears to 
have consisted originally of carbonate of lime. 


w. p. 


4 
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Tholiasterella and AsiieractineUa. Sponges appear to be 
absent in the Permian; and they are rare in tlie Trias, 
except in the St Cassian Beds of the Tyrpl, where the 
Calcarea are numerous. 

In the Jurassic, sponges are extremely abundant; the 
only Monaxonid is Spongilla from the Purbeck Beds; 
Lithistids and Hexactinellids although common in Qe!'- 
many and Switzerland are comparatively rare in England ; 
the first group is represented by Platychonia^ the second 
by Craticularia, Verrucocceliay etc.; the Calcarea are 
numerous in this country as well as in France and Ger- 
many, common genera being Peronidellay Corynella, and 
Holcospongia. The occurrence of Hexactinellids in the 
Inferior Oolite is noteworthy, since other evidence shows 
that that deposit was laid down in shallow water, but at 
the present day Hexactinellids are characteristic of deep 
water. 

Sponges are more abundant in the Cretaceous than in 
•any other system. In England they are found chiefly at 
four horizons : — (1) in the Lower Greensand of Faringdon, 
Upware, Kent, and Sun*ey, where the Calcarea are much 
better represented than the other groups, Permidellay 
Barroisiay and Rhaphidonema being common forms : 
(2) in the Upper Greensand and Chloritic Marl of War- 
minster, Blackdown, Haldon, and the Isle of Wight, where 
the Lithistids {e.g. Dorydermay Siphoniay HalUrhoa) are 
very abundant, exceeding the Hexactinellids {e,g. Cratiau- 
laria, Plocoscyphia, Stauronema) ; the Calcarea are also 
common in places : (3) in the Lower Chalk of the south 
of England, where we find Siphonia, Craticulariay Staurth ^ 
nema, Plocoscyphiay etc. ; the Calcarea are rare : (4) in 
the Upper Chalk, where the siliceous sponges are very 
common ; amongst the Lithistids the following 'occur : — 
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Seliscothon, Verructdina,Sc^Ua,Doryderma, and Siphonia; 
the HexSctinellids are represented by Craticulatia, Verru- 
cocmlia, Ouettardia^ Ventriculites, Gephalites, Plocoscyphia, 
and Camerospongia ; the Calcarea are represented by 
Porosphoera, In the Tertiary formations detached spicules 
are sometimes abundant, but few perfect ^sponges have 
b6en found. 


4-2 



PHYLUM C(ELENTERA 


Glaaftes. 

1. Hydrozoa .. 


2. Scyphozoa 

3. Anthozoa or Actinozoa ... 

4. Ctenophora (not fossil). 


Orders^ 

J l. Oymiioblastea. 

2. Calyptoblastea. 

3. Graptolitoidea. 

4. Hydrocorallina. 

5. Stromatoporoidea. 

6. TrachomedusaB (not fossil). 

7. NarcomcdusoB (not fossil), 
tt. Sipbonophora (not fossil). 

1. Btauromedusro (not fossil). 

2. Peromedusa) (not fossil). 

3. CubomedusflB (not fossil). 

4. Discomedusoc. 

1. Zoantharia. 

2. Alcyonaria. 


The Oa^lentera include hydroids, jelly-fishes, sea-anemones, 
corals, and allied forms. The individuals are radially sym- 
metrical, and have only one internal cavity, ccelenteron, 
which opens to the exterior by the mouth. The body-wall 
consists of an outer layer of cells, the ectoderiiiy and an 
inner layer, the endoderm ; between these is a gelatinous 
layer — usually quite thin, but in the jelly-fishes of con- 
siderable thickness. ’Ringing cells known as nematocysts 
or thread-cells are ^gb^rally present in the ectoderm. The 
canal-system, so characteristic of the sponges, is absent. 

This Phylum is divided into four classes, (1) Hydrozoa, 
(2) Scyphozoa, (3) Anthozoa or Actinozoa, (4) Ctenophora, 
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CLASS I. HYDROZOA 

The simplest type of the Hydrozoa is the common fresh- 
water Hydra, In this the body has the form of an elon- 
gated sac, about a quarter of an inch in length, and is 
attached by one end, whilst at the other is the mouth 
surrounded by a roW of long procc'sses, called tentacles. 
The large undivided cavity in this sac, which opens into 
the hollow tentacles above, is the ccelenteron. The whole 
body is very contractile and constantly changing its shape. 
Reproduction may take place in three ways, (1) by the 
growth of buds, which ultimately separate from the parent, 
(2) sexually, by the production of ova and spermatozoa in 
the ectoderm, and (3), in rare cases, by fission. 

Other Hydrozoa consist of a number of individuals 
(polyps or hydranths) similar to Hydra^ but growing to- 
gether as a colony (fig. 13); in such cases the coelentera of 
all the individuals are placed in living communication with 
one another by means of a tube-like extension from the 
base of each polyp; this common connecting portion of the 
colony is called the cmnosaj'c (fig. 13, 6). Frequently the 
coenosarc is much branched, giving rise to tree-like forms; 
it is usually attached to some foreign object by a hori- 
zontal branching portion. 

In such hydroid colonies the polyps are asexual, and the 
reproductive elements are produced in another individual 
of a somewhat different character, known as a medusa or 
gonophore: this arises by budding from 'the hydroid (fig. 
13, 9), and is often more or less bell-shaped, and may 
become detached from the colony, or it may be less per- 
fectly developed and remain attached ; at the inner edge 
of the bell is a shelf-like fold, the velum. The generative 
cells are df ectodermal origin, and from them the hydroid 
develops. 
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Hydra possesses no hard parts, biit in otfe ' forms an 
external skeleton composed of chitin or of carbonate of lime 
is secreted ; it commonly forms a tube-like sheath around 
the coenosarc and is called the perisarc (fig. 13, 6). In one 
group the perisarc is produced at the base of each polyp 
into a cup-like structure or hydrotheca (fig. 13, 7), into 
which the polyp can retract. The gonophores may also be 
protected by a chitinous capsule called the gonotheca or 
gonangium (fig. 13, lo). The vertical branching part of the 
coenosarc together with the perisarc around it, is called 
the hydrocauhis; the horizontal root-like portion and its 
perisarc form the hydrorhiza. 

The principal characters which distinguish the Hydro- 
zoa from the other Coelenterates are: the coelenteron being 
undivided by radial partitions or ridges ; the absence of a 
digestive tract projecting into the coelenteron ; the usual 
occurrence of an asexual (hydroid) generation alternating 
with a sexual (raedusoid) generation ; the medusa having 
a velum ; the ova and spermatozoa being derived from the 
ectoderm. 

Nearly all the Hydrozoa are marine. They are divided 
into eight Orders, of which five occur fossil : — (1) Gyinno- 
blastea, (2) Calyptoblastea, (3) Graptolitoidea, (4) Hydro- 
corallina, (5) Stromatoporoidea. 

OBDEE I. GYMNOBLASTEA 

The Gymnoblastea have no hydrothecse into which the 
polyps can retract ; gonangia (gonothecse) are also absent; 

Well-known living forms are Tvbulariay BougetinmUeay 
and Hydractinia, The last has been found fossil in Eocene 
and later deposits; it forms a crust over the shells of 
gasteropods, especially those tenanted by Hewnit-crabs. 
The hard part of this crust is chitinous, or rarely cal- 
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careousf consists of laminsB separated by irregular or 
cubical spaces and crossed by vertical pillars; on the surface 
are proj^tin^^ spines. The soft parts form a layer over this 
skeleton, and consist of a sheet of ectoderm on the surface, 
and another sheet next the skeleton; between these are 
branching and anastomosing ccenosarcal tubes. The skele- 
ton is secreted by the lower ectoderm. From the coenosarc 
arise the polyps, which are placed on long vertical stalks 
and are of four kinds, (1) gastrozooids — the ordinary nutri- 
tive individuals, (2) blastostyles, which are individuals 
specially modified for bearing medusso, (»S) dactyl ozooids 
— individuals modified for catching prey and having short 
knob-like tentacles crowded with nematocysts, (4) tentacu- 
lar polyps, which are very slender, without a mouth, and 
occur near the edge of the colony. 

Parkeria, which is found in the Cambridge Greensand, 
probably belongs to this Order. A few other forms have 
been described from the Alpine Trias and the Jurassic of 
southern .Europe. 

OKDER II. CALYPTOBLASTEA 

This Order is distinguished by the presence of hydro- 
thecsB into which the polyps can completely retract, and 
by the possession of gonangia (gonothecae). (Fig. 13,7, 10.) 

The arrangement of the polyps and hydrothecsB on the 
hydrocaulus varies considerably in different genera. Some- 
times they are placed on stalks as in Obelia (fig. 13) and 
Ccm^mularia ; in many others they are sessile. They may 
be in rows or placed in various positions on the hydrocaulus. 
In Plumdaria, Aglaophenia, etc., they form a single row ; 
m Bertmlariat etc., there are two rows placed on opposite 
sides ^ the branches. Sometimes the hydro thecae are close 
together,, but more usually they are separated. 
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In the Plumulariidae there are, in addition •to the 
ordinary polyps, others which are solid and tentacle-like ; 



Fig. 13. Part of a branch of Obelia, Enlarged. To the left a portion 
is shown in section. (After Parker and Haswelh) 1, ectoderm; 
2, endoderm ; 3, mouth ; 4, coelenteron ; .5, coenosarc ; 6, ^risarc ; 
7, hydrotheca; B, blastostjle, a mouthless polyp bearing medusa- 
buds ; 9, medusa bud ; 10, gonangium or gonotheoa. 
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they are«iisually provided with nematocysts and are called 
nemdtophores; each one is placed in a hydrotheca. 

Although "the Calyptoblastea possess a well-developed 
chitinous skeleton, yet, with the exception of a form found 
in the Pleistocene, they are not definitely known to occur 
as fossils. 

In the Lower Palaeozoic, however, there are organisms, 
usually termed ' dendroid graptolites/ which present con- 



Fig. 14. JHctyonema JiabeUifomie, Upper Cambrian. (After lUiedemann. ) 
A, young form with thread and disc for attachment, x 3. B, com- 
plete colony. X . 

siderable resemblance to the Calyptoblastic hydroids, but 
are sometimes regarded as a division (l)endroidea) of the 
Graptolitoidea ; the best known are DendrograptuSy Ptilo- 
graptuSy Dictyonema (fig. 14), and Callograptus, These are 
usually much branched and tree-like, and some are fixed 
by a root-like structure, others by thread coming off from 
the poisit of the siciila (fig. 14 A). Transverse sections of 
Dictyonema and Dendrograptus show that some of the 
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branches consist of a group of tubes of various sizes, some- 
what resembling in this respect the recent Calyptoblastean 
forms Glathrozoon and Grammaria, Those 'genera which 
possess a sicula and were suspended by a thread coming 
off from its pointed end appear to be closely related to the 
true graptolites. 

Dictyonema (^Dictyograptus) (fig. 14) is found in the 
Cambrian, Ordovician and Silurian, and in the Devonian of 
North America, and has a fan- or funnel-shaped skeleton 
which consists of numerous radiating branches, placed 
nearly parallel with one another, and united by transverse 
fibres; a sicula is present. Dendrograptus occurs in the 
Upper Cambrian and Ordovician, Gallograptm in the Arenig, 
and Ptilograptus ranges from the Arenig to the Ludlow 
Beds. 


ORDEK III. GRAPTOLITOIDB A 

The graptolites are found only in the Lower 
rocks, where, owing to their abundance and to the limited 
range in time of both genera and species, combined with 
their wide geographical distribution, they are of great im- 
portance to the stratigraphical geologist. They occur most 
commonly in argillaceous rocks, especially in black car- 
bonaceous shales, whilst they are relatively rare in sand- 
stones and limestones. The graptolites were compound 
animals, and the soft parts were protected by a skeleton 
of chitin which shows a general resemblance to that found 
in the Calyptoblastea, e.g, Sertularia and Plumularia* •But 
the original material of the skeleton is seldom preserved 
unaltered; in some cases it has been replaS^ by iron 
pyrites, but usually it has become carbonised. 

The entire skeleton of the graptolite is termed the 
polypa^] this in an unbranched form like Monogre^m 
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cbi^xstft of a tubular part known as the common _co/n(il 
(figi 16 b, c), which extends nearly the whole length of the 
animal; the wall being termed the periderm or perisarc. 
Fwm one side of the common canal small tooth-like pro- 
jections are given off ; these are the h ydr othecce (fig. 15, b, h), 
each of which is hollow and opens on the one hand into 
the common canal and on the other to the exterior ; the 
latter aperture, known as the mouth {m) of the hydrotheca, 
is frequently circular, but sometimes quadrangular or slit- 



Fig. 16, a, Portion of Monograptus personatus. b, diagrammatic vertical 
section of the same, c, Monograptm colonust Goniston Grits, > with 
sicnla (s). d, Diplograptus foliacetis, Llandeilo Beds, with virgala (a), 
and the position of the embedded sicula («) indicated. All enlarged. 
a, position of virgula in wall of b; c, common canal; h, hydrotheca; 
m, mouth of hydrotheca; s, sicula. 

like. Embedded in the periderm on the side opposite to 
the row of hydrotheca^ is a chitinoiis thread or rod, termed 
the tiirgtEict (fig. 15 b, a). In some species of Monograptus 
the virgula projects beyond the distaP end of the common 
canal. At the proximal end of the polypary there is a 

I The prasRim.a.l ^ nd i s that next the sicula and is the part which is 
formed first; the distal end is formed last, 

the iilde of the graptolite on which, the hydrotheosD occur is spoken of as 
the vieiUra L and the opposite side as the dora^. 
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small conical body, termed the sicula (fig. 15, c, «)► which 
will be described more fully below (p. 63). 

The soft parts of the graptolites are unknown, but from 
comparison with living hydroids which have a similar 
skeleton, we may consider it probable that each hydro- 
theca lodged an individual polyp, and that these were con- 
nected by means of the coenosarc in the common canal. 

In the form just dascrihed (Mo nograptus) the polypary 
is always simple, but in many genera it consists of two or 



Fig. 16. Fig. 17. 


Fig. 16. Tetragraptufi headif Arenig JXo(ik8. a, central disc. x4. 

Fig. 17. Climacogmptns parvm, Ordovician. - With vesicle at end of vir- 
gula. (After Ruedemann.) x \\. 

more branches or stipes. When there are several radiating 
branches their proximal parts are sometimes enclosed in a 
horny sheath, termed the central disc, as in some species 
of Tetragraptus (fig. 16). In those genera which have two 
branches (fig. 20), the angle between the two is termed 
-the angle of divergence ; it is measured from the hydro- 
thecal side of each branch. In some graptolites (e:g. Mmo- 
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graptus, fig. 15 c) there is only a single row of hydrotheca?, 
such ftfrins are said to be uniserial; others Diplo- 
g rapt us i fig. 15 d) possess two rows on opposite sides of 
the polypary — these are the biserial forms, and they may 
have a single common canal as in Retiolites, or there may 
be two canals separated by a septum, as in Olimacograptus : 
in many forms of Diplograptus there is only one common 
canal, but others possess an incomplete septum which, to 
some extent, divides the canal^into two parts. In Dicrano- 
graptus the proximal part of the polypary is biserial, whilst 
the distal part consists of two uni- 
ser i al branches. 1 1 1 Dim orphograp- 
tus, on the other hand, the i)roxi- 
rnal jjart is uniserial and the distal 
part biserial; this genus there- 
fore serves to connect the biserial 
Diplograptus with the uniseriai 
Monograptus, 

The hydrotheca3 vary consider- 
ably in form in different genera, 
and sometimes even in different 
species of the same genus ; but in 
any one species, with the excep- 
tion of a few of the earlier hydro- 
theca*, they are usually similar in 
form, but diminish in size towards 
the proximal end of the polypary ; 

they may resemble the sicula in * polypary. B, proximal end 

ot polypary with the outer 
shape, or they may be tubular, pris- layer removed. Enlarged 

tnatic, conical, straight or coiled Iff ^e^woTk ^meriy “rf 

{Monograptus lobiferus). They gariffcd as virgulae. 
may be in j^ontact throughout their entire length (Phyllo- 
graptm), at their bases only {Nemagraptus), or, in a few 



yfj'' X 

Fig. 18 Itetiolitea geAnitziy 
Silurian. A, section across 
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cases, entirely separate {Mdstrites). Frequently they are 
provided with one or more spines near the moilth. In 
most graptolites^he hydrotheca3 communicate freely with 
the common canal, and in this respect differ 'from living 
hydroids, in which there is a constriction or an imperfect 
diaphragm at the base of each hydrotheca, separating it 
from the common canal (fig* 13); but some specimens of 
Didyniograptus and Tetragraptus seem to show evidence 
of a septum between each hydrotheca and the common 
canal. 

A microscopic oxainination of thin sections of Mono- 
graptus shows that the periderm consists of three layers, the 
external and internal layers being much thinner than the 
middle layer. In a few graptolites the middle layer of the 
periderm is more or less extensively perforated and may 
become reticulate ; this modification is especially note- 
worthy in Retiolites in which the middle layer is reduced 
to a network of fibres (fig. 18) whilst the inner and outer 
layers are very thin. 

In the uniserial genera the virgula, when present, is 
found in the periderm opposite the row of hydrothecsB, but 
in the biserial forms it is central (fig. 15 d, a), being situ- 
ated either in the middle of the common canal, as in some 
forms of Diplograptus, or in the septum separating the two 
canals, as in Glimacograptus; in such biseidal forms the 
virgula is commonly enclosed in a tube-like' covering. 
In several of the earlier geneni {DidymograptuSi PhyUo- 
graphis, Tetragraptus, Dichograptus) the virgula is not 
found in the wall of the common canal, but is represented 
by a thread which projects from the pointed end of the 
sicula and commonly ends in a chitinous disc Sy which 
the graptolite was attached (fig. 21). 

The position of the sicpla, in relation to the reslf of the 
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polypary, varies in different genera, and depends on the 
directional in which the hydrothecee grow. In Monograptus 
the sicuia is united to the dorsal surface of the polypary, 
the pointed end being directed distally (fig. 15 c, $). In 
Diplograptus it has a similar position but is more or less 
completely enclosed between the hydrothecas (fig* 15 d, s). 
In Didymograptus its broad end only is united to the two 
branches of the polypary, the pointed end being directed 
proximally (fig. 20, s). In Dicellograptus it projects like 
a spine between the two branches. 

The appearance of even the same species of graptolite 
varies considerably according to its mode of preservation. 
Frequently it is flattened to a film, and when this is the 
case we may get a side view, a front view showing the 
mouths of the hydrothecio, or a back view; in the two 
latter cases the margins will be parallel. But when the 
original material has been replaced by iron pyrites, or when 
the graptolite is preserved in a limestone, the natural form 
of the polypary is often retained. 

No raedusoid form is known in the graptolites; but 
sac- like bodies, which may be gonangia, are sometimes 
present. In a few biserial graptolites (fig. 19) such bodies 
have been found attached to the polypary ; they are not 
joined to the hydrotheca?, but come off' at right angles to 
them along the middle line of the sides of the polypary, 
but since no siculae have been found in or near these sacs 
their nature and function must be regarded as uncertain. 
In other cases, however, sacs or vesicles containing siculae 
have been seen near the distal extremity of the virgula 
(fig. 23), and it is probable that these are of the nature of 
gontogia (fig. 13, 10). 

The earliest stage in the development of. the graptolite 
at present known is the sicuia (fig. 22 A) ; this probably 



64 HYDROZOA. GBAPTOLITOIBEA 

arises within the sac-like bodies mentioned above. The 
sicula is usually more or less clearly exposed at the 
proximal end of the polypary (figs. 15 c, 20 $); it is a 
hollow cone (fig. 22 A) open at the base, and consists of 
two parts — the pointed or apical end with a thin wall (b), 
and the broader or apertural part with a thick wall marked 



Fig. 19. Fig. 21. 


Fig. 19. IHplograptus with sacs resembling gonangia. (After Hall.) 
Natural size. 

Fig. 20. Didymograptus v-fracUix, Arenig Beds. Early part of the poly- 
pary. (After Elies.) s, sicula; c, crossing-canal; 1, first hydro- 
theca ; 2, second hydrotheca, x 5. 

Fig. 21. Tetragraptus similh. Lower Ordovician. Young form with 
virgula and disc. (After Ruedemann.) x 4. 

with lines of growth {a). The pointed part was probably 
the covering of the embryo, and the broad part a later 
growth. The apical end of the sicula is prolonged as a 
thread forming the virgula. A spine-like projection is 
sometimes found at the apertural end of the sicula (fig. 
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22 A, c% but has no connection with the virgula. In the 
development of Didymograptus a bud is formed on one 
side of iihe steula and from this arise (1) the first hydro- 
theca (fig. 20, l) and (2) a tubular body known as the 
crossing-canal (c) ; the latter, grows across the sicula and 
gives rise to the second hydrotheca ( 2 ) which is on the 



Fig. 22. Early stages of Motwgraptus and Diployraplus. (After Wiman.) 
Enlarged. 

A. Sioula of MonograptuSf from the Silurian of Gothland, a, thick- 
walled part with lines of growth; />, the earliest part with a thin 
wall ; c, spine-likc projection from the aportural end of the sioula. 

B. Mompraptus (same locality) with three hydrotheca^ developed. 1, 
2, 3, first, second, and third hydrotheca); a, b, sicula; c, spine-like 
projection; d, virgula. 

C. Diplograptus from Bornholm, with four hydrothecas developed. 1, 
2, 3, 4, first, second, third, and fourth hydrothecffi ; a, sicula. 

side opposite to tfie first hydro theca. From each of these 
two hydrothecae a stipe or branch is developed, owing to 
the fact that each hydrotheca gives rise by budding to 
another hydro theca and in this way two continuous linear 

5 


w-p. 
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series are formed. More complex branching (as Tetra- 
graptm, Dichograptus) is produced when one hydrotheca 
buds ofi* two hydrothecc'n instead of one. lix^Diplograptus 
(fig. 22 C) the development is similar to that of Didymo- 
graptus but the crossing-canal is reduced in size and the 
hydrotheca^ grow up the virgula instead of in the direction 
of the apertural end of the sicula ; also the hydrothecsB are 
budded off on either side alternately, so that the second 
hydrotheca ( 2 ) is on the side opposite to the first (l), and 
the third (3), which is budded from the second, is on the 
same side as the first and overlies it. This alternate 
arrangement may continue throughout the development of 
the polypary, but frequently a septum appears between 
the two rows of hydrothecfe, and thenceforward each hydro- 
theca arises from the preceding one on the same side. In 
Monograptus the hydrothecfe (fig. 22 B) arise on one side 
only of the sicula. 

Whilst each polypary consists of a colony of individual 
polyps there is evidence which seems to indicate tha/t in 
some biserial graptolites a number of polyparies were 
grouped togethei* to form larger colonies. Thus Ruedemann 
has described o^ IHplograptus foUaceus (fig. 23), 

from the Utica Slate (Ordovician) of New York, which 
consist of a number of individuals radiating from a centre 
where they unite by the distal prolongations of their 
virgulas ; at the point of union there is a small, nearly 
square, chitinous sheath which is similar in appearance to 
the central disc of Tetragraptus ; below this is a larger 
quadrate body, apparently vesicular, which may have been 
either a float (pneumatocyst) or an organ of fixation. 
Around the small disc are from four to eight globular 
vesicles, which Ruedemann considers to be gonan^ia, since 
they contain sicula^; the siculse sometimes pass out and 
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developjnto fresh colonies, but in other cases they remain 
attached to the parent, «and, by the growth of the virgula, 
extend outwrds, and subsequently hydro thecae arise ^in 
the usual way. In some other species of Diplograptm 
(D, vesiculosusj etc.) and in Olimacograptus (fig. 17) a single 
vesicle is sometimes found at the distal end of the virgula. 
A vesicle may also occur at the proximal end of the polyp- 
ary, but its function is unknown. 



Fig. 28, Diplooraptusi foliaceuHf from the Utica Slate, New York. 

X I . (After lluedeinarm.) 

Owing to the fact that the soft parts of the graptolites 
are entirely unknown it is difficult to speak of their affini- 
ties with any degree of certainty. It seems probable, how- 
ever, that they belong to the Hydrozoa ; Allman and others 
consider them to be related to the Calyptoblastea, especially 
to such forms as Sertularia and Flumularia, with which 
they agree in the general characters of the hydrothecae and 
common canal, and perhaps also in the possession of gon- 
angia. But they differ in some important respects from 
the Calyptoblastea, e.g, in possessing a virgula and sicula, 

5—2 



68 HYDEOZOA. aBAPTOLlTOIDEA 

in the diminution in size of the hydrotihec«e towards th^ 
proximal end of the polypary, in thef hydrotheose Iteing 
nearly always in contact, and in the free communication 
which exists in most cases between the hydrothecae and the 
common canal ; their development is also different — ^in the 
graptolites each hydrothcca is budded off from another 
hydrotheca, but in the Calyptoblastca the new polyps are 
budded off from the coenosarc. Further, the graptolites 
never form the much-branchi*d tree-like colonies which 
occur so commonly in recent hydroids, and the graptolites 
are never firmly fixed by any root-like structure correspond- 
ing to the hydrorhiza. On the other hand the dendroid 
graptolites (p. 57), to which the true graptolites appear 
to bo related, do form much-branched colonies with, in 
some cases, a root-like hydrorhiza. 

Since the graptolites do not possess any root-like struc- 
ture (hydrorhiza) such as is found in many living hydroids 
it is not likely they were sessile animals living on the sea- 
floor; further, if that had been their mode of life some 
specimens would almost certainly be found in a vortical 
position crossing the planes of lamination, but that is not 
the case, for the graptolites are found lying flat on the 
lamination planes as if they had sunk slowly to the bottom 
in quiet water. The remarkably wide geographical distri- 
bution of the species ciui only be accounted for if the 
graptolites lived attached to floating sea-weeds or were 
free-swimming animals. T,here is evidence to show that 
many graptolites were to some foreign object by 

means of the thread whie^ comes off from the point of the 
sicula and ends in a c|^1finous disc (fig. 21) ; it is possible 
that some of the later^iserial graptolites were free-swim- 
ming animals, since thi vesicle found at the centre of the 
radiating colonie^^.^^ 28) and at the distal end of the 
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sMigle s'tipos (fig* 17) may have served as a flciat ; also the 
perfoi^te or reticulate structure of the wall of some biserial 
forms (fig* 1&) appears to be an adaptation for a floating 
mode of life. The much greater abundance of graptolites 
in thin, fine-grained, carbonaceous shales than in thicker 
and coarser deposits,, suggests that the graptolites lived 
mainly at some distance from the shore whore sediment was 
deposited slowly in tranquil water ; and the carbonaceous 
matter in those shales may have been derived from the 
decomposition of sea-weeds. 

The genera of graptolites at present accepted are based, 
to a large extent, on the number of branches of the polypary ; 
but Nicholson and Marr consider that this feature is of less 
importance than was formerly supposed, and that a classi- 
fication which shows the genealogical relationships of the 
forms should be founded chiefly on the characters of the 
hydrothecae and, to some extent, on the angle of divergence 
of the branches. The early graptolites, such as Bryo^aptus, 
appear, at first sight, to be more advanced than the later 
types {e,g, Monograptus), on account of their more complex 
branching ; but in the early forms the hydrothecae arc very 
simple, differing but little from the sicula, whereas in the 
later ones they exhibit considerable modification. In some 
genera the hydrothccaH of difibrent species show great 
variety of form, those of one species being often much more 
like those of a species belonging to another genus than to 
other species of the same genus: thus we get the same type 
of hydrotheca in the three forms Bryograptus callavei, 
Tetragraptua hichd, and Didymograptus affinis, and another 
type in BryograpUm retroflexus, Tetragraptua denticulatus, 
and IHdymograptua fasdculatiis. It is contended that each 
of these groups is a genealogical series and should be 
regarded as a genus — that T. hickd has descended from 
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J5. callaveif and D. affinis fiom T. hicksi. According to the 
old view all the species of Didymqgraptus were thought to 
have descended from one common ancestor ; “but this will 
not account for the close resemblance which the hydrothecse 
of certain species of Didymograptus bear to those of certain 
species of Tetragraptus ; on the other hand, this is readily 
explained if we consider that the species of Didymograptus 
have descended from various species of Tetragraptus. Then 
again, the remarkable divei-sity in the hydrothecas of Jifono- 
graptiis can be easily understood if we grant that the forms 
included under this term are the descendants of ditferent 
species of one or more genera. But since species which 
have a different ancestry cannot be placed in the same 
genus, we must regard Monogrxwtus as an assemblage of 
forms which agree merely in consisting of a single uniserial 
branch or stipe, and have descended, through Dimorpho- 
graptus, from various groups of Diplograptas and perhaps 
of Climacograptus. 


# Didjmo^f'ja^ltUS (fig. 20). Polypary bilaterally symmetrical, 
consisting of two uiiiserial stipes diverging at an angle which 
varies, in different species, from 0” to 180° (or occasionally more). 
Hydrothecse subcylindrical, in contact for a considerable part of 
their length. Lower Arenig to Upper Llandeilo. Ex. B. mwrchi- 


sonii Lower Llandeilo ; 1). patulus^ 
Arenig. 

^ Phytt agrajlMB (fig- 24). Po- 
lypary leaf-like, consisting • of four 
uniserial stipes united along the whole 
of their length. Hydrothecto cylin- 
drical or subcylindrical, in contact 
throughout their entire length. Sicula 
pointing distally. Arenig. Ex.P. typus. 

(fig. 16). Poly- 
pary ^ bilaterally symmetrical, uni- 



Fig. 24. Phyllograpiusy Arenig 
ilocks. The polypary has 
been out in two, and the upper 
part raised so as to show the 
four branches. Natural size. 


serial, consisting of four simple ra- 
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diating branches which arise from the bifurcation of two short 
branches doming off from opposite sides of the sicula (constituting a 
Didymogrwptm stage). Hydrothecoe cylindrical or subcylindrical, in 
contact for a considerable part of their length. A central disc may 
or may not be present. Arenig. Ex. T, quadribrachiatus, 

^DicllOgrd.ptU8. Polypary* typically bilaterally symmetrical 
cotisisting of eight uniserial main stijies produced by bifurcation 
through Didymograptm and Tetragraptus stages. Hydrothecoe 
cylindrical or subcylindrical. A central disc is frequently present. 
Lower Arenig. Ex. D. octobraeMatus. 

Logonograptus Clonograptm (M'l emadoc and Arenig) 

are forms in which bifurcation has jiroceeded further than in Dicho- 
graptus, 

BryograptUS. Polypary bilaterally symmetrical, uniserial, 
consisting of two main stipes diverging at a small angle from the 
sicula, which has its point directed distally. From the inner 
margins of the main stipes similar secondary stipes (which may 
bear other stipes) anse. Hydrotheca? like those of Dichograptm, 
Tremadoc. Ex. B, kjerulfi, 

LeptograptUS. Polypary consisting of two simple, slender, 
flexuous, uniserial stipes given off in opposite directions from the 
sicula at angles greater than 180''. Hydrotheca) are lon^ tulles with 
slight sigmoid curvature, in contact for half their length. Upper 
Llandeilo to Lower Bala. Ex. L. Jlaaddus^ Lower Bala. 

PleurograptUS. Two principal branches a.** in Leptograptus ; 
these bear secondary branches on both sides, often arising alter- 
nately, and sometimes bearing smaller branches. Lower Bala. Ex. P. 
linearis, 

Nexnagraptus {^Cmnograptu^. Polypary bilaterally sym- 
metrical, uniserial, consisting of two slender, more or less flexuous 
main stipes coming off from the middle of a well-defined sicula ; from 
each of these stipes secondary branches may Ih) given off in a 
symmetrical or nearly symmetrical manner. Hydrothecoe as in 
Leptograptus, Llandeilo. Ex. N. gracilis, 

DicranograptUS. Polypary bilaterally symmetrical, biserial 
in the proximal portion, dividing distally into two uniserial branches. 
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Hydrothecoo tubular, with sigmoid d^irvature and intumod aperturei^ 
Upper Llaudeilo to Lower Bala. Ex. Z>. dingani, Bala. 

Dicelloipraptus. Like Dicramgraptm^ but uniserkd through* 
out, the two branches united at the sicula only, which points distally* 
Ahgle of divergence greater than 180®. Up^r Arenig to 
Bala. Ex. D. a^iceps^ Upper Bala. 

DlplograptUS (figs, is d, 19). Polypary biserial. Hydro- 
theca) siibprismaii/ic or subcylindrical tubes, overlapping and placed 
obliquely. Virgula prolonged beyond the distal extremity of the 
polypary. Sicula more or less completely concealed. Arenig to 
Tarannoii. Ex. />. foliaceus, Llandcilo to Lower Bala. Petalo- 
graptus and Gephalograpius are sub-genera ; Llandovery and 
l^irannon. 

^ Climacograptus (fig. 17). Polypary biserial. Hydrotheca), 
tubular, with sigmoid curvature, apertures placed in depressions. 
Sicula often concealed. Upper Arenig to Tarannon. Ex. C. woma^w, 
Llandovery and Tarannon. 

Retiolites (fig. 18). Polyjmry biserial, straight. HydrothecBB 
like those of Diplograptus. Peridenn consists mainly of a network 
of threads and n)ds. Lower Bala to Lower Ludlow. Ex. R. 
gdnitzianusy Upper Tarannon and Wenlock. 

DimorphOgraptUB (see p. 61). Llandovery. 

^ McftlOg rapt US (fig. 1 c). Polypary unbranched, uiiiserial ; 
strai§W!5®6(t^^ spiral. Ilydrothecas vary in form in difierent 
species. Sicula attached to the proximal end of the polypary, and 
its pointed end directed distally. Lower Llandovery to Lower 
Ludlow. Ex, M, mlssoni, Lower Ludlow ; M, leptotheca^ Llaftdovery ; 
M, priodon^ Wenlock ; M. Bpi’n^germ^ Llandovery. 

Rastrites* Closely allied to Monograptm, but the hydrotheose 
are long, tubular, and widely separated. Llandovery to Tarannon. 
Ex. R. peregrinm^ Llandovery to Tarannon. 

C^rtOgraptUB. Similar to Monograptv>%) but coiled into a 
plane spiral with branches given off from the external (hydrothocal) 
mai^n. Upi)er Tarannon to Wenlock. Ex, C, m^rchmni, Wenlock 
Shale. 
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Distribution of the OraptoUtoidea 

Cambridn,* In Britain the earliest graptolites occur in 
the Tremadoc Be(]§> where we find the branching forms 
Bryograptus and Glonograpttcs. 

Ordopician, t’he graptolites in the Arenig division are 
mainly uniserial forms without a virgula in the wall of the 
common canal and are often branched. The most charac- 
teristic genera are DidymograptaSy TetragraptuSy Dicho- 
graptue, and Phyllograpius : Clonograptus survives from 
the Cambrian into the lower part of the Arenig. In the 
Llandeilo Didymograptus is still found and is fairly common 
in'' the lower part of the formation ; other important genera 
in the Llandeilo are Dicellograptus, the biserial Diplo- 
graptus and OlimacograptuSy and Nernagraptus and Dicra- 
nograptm which now appear for the first time. In the Bala 
Beds, the biserial genera Diplograptii% Glimacogmptiis 
and Dicranograptus become much more abundant, and 
with them occur Leptograptus and Pleiirograptus, 

Silurian, The only genera which pass up from the 
Ordovician to the Silurian are Glimacograptus, IXplograp- 
tuSy and Retiolites, and nearly all the species in the two 
systems are different, so that between the Ordovician and 
Silurian there is a great break in the graptolitic succession* 
As a whole, the Silurian formations arc characterised by 
the uniserial genera Monograptus, Rastrites and Oyrto- 
graptus, which appear first in the Lower Silurian. In the 
lower part of the Llandovery the genera Diplograptus and 
Glimacograptus are fairly abundant, but they become ex- 
tinct in the Tarannon, and in the Wenlock and Ludlow 
Beds the only forms are Monograptus, Cyrtograptm, and 
RetioUtes. The last traces of graptolites occur in the Down- 
tonian B^s, but they are too imperfect for determination. 



^^4- HYDROZOA, HYDROCORALLINA 

ORDER IV. HYDROCORALLINA 

"The skeleton in the Hydrocorallina is calcareous and 
has the form of encrusting or branching masses. It consists 
of a network of rods, in which there are tubes of two sizes 
opening on the surface ; the larger are called gastropores, 
and have horizontal partitions or tabulae ; the smaller are 
named dactylopores. The skeleton is of ectodermal origin, 
and is secreted by a network of coenosarcal tubes, above 
which is a superficial layer of ectoderm. The polyps project 
above this layer, and are of two kinds: nutritive individuals 
or gastrozooids, which are placed, in the gastropores, and 
dactylozooids placed in the dactylopores. The soft paj^ts 
in the branching forms may extend throughout the skeleton, 
but in the massive forms they are limited to the superficial 
layers. 

Millepora is an important rock-building organism at 
the present day, often contributing largely to the formation 
of coral-reefs ; it has been recorded from Cainozoic deposits, 
but whether these examples really belong to that genus 
appears to be somewhat doubtful. Stylaster is a living 
form, and is stated to occur in the Miocene. Milleporidium 
from the Upper Jurassic of Stramberg and Millestroma 
from the Upper Cretaceous of Egypt may behmg to this 
Order. 


ORDER V. STROMATOPOROIDEA 

In the Stromatoporoids the skeleton is calcareous, and 
very variable in form ; it may be hemispherical, spheroidal, 
dendroid, encrusting, or altogether irregular, and frequently 
forms large masses. It consists of a series of concentric 
laminm separated by spaces; these are crossed at right 
angles by rods or pillars, which give off horizontal processes 
at definite intervals; these processes join together and 
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rea% form the larnina3 which are perforated by openings 
of various sizes. The pillars may pass only from one lamina 
to the next, ol* may be continued through a considerable 
number of laminae. The under surface of the skeleton is 
often covered by a thin imperforate layer, with concentric 
furrows, similar to the epi theca of many compound corals. 
On the upper surfaces of the laminae there are, in many 



Fig. 25. A, tangential section of Actinostroma interlextum showing the 
radial pillars. B, vertical section showing the radial pillars and the 
formation of the concentric laminte by processes given off from these. 
X 12. 0 and P, parts of A and B further enlarged. From the Silurian 
Rocks. (After Nicholson.) 

forms, shallow grooves, having a stellate arrangement, and 
known as astrorhizce ; somewhat similar grooves are found 
on the surface of Hydractinia. In some genera, as for 
example Actinostroma (fig. 25), the two elements of the 
skeleton, the lamina3 and pillars, remain quite distinct, but 
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in others, like Stromatopora^ they become to a gr^t extent 
blended together so as to form a more or less netted struc- 
ture ; between these two types, however, there are inter- 
mediate forms. The first type {Actinostroma) has been 
compared with Hydractinia (see p. 54), but if always 
calcareous and forms larger masses ; the second (Stromato- 
pora) shows some resemblance to Mill€pora{Bee p. 74), and, 
like that genus, possesses vertical tubes with horizontal 
partitions (or tabula* *'), but the tubes seem to be of one 
size only, and consequently there is nothing to indicate 
that this type was dimorphic ; it differs also in possessing 
radial pillars. 

The soft parts in the Stromatojroroids formed a con- 
tinuous layer on the surface of the skeleton, and it is 
believed by some authors that the polyps in some cases 
(e.g, Stromatopora) were placed in definite tubes, but in 
others tubes are absent and there are pores only in the 
external lamina. From the structure of the skeleton, it has 
been inferred by some palaeontologists that the Stromato- 
poroids are connected with both Hydractinia and the 
Hydrocorallina ; but this view, and evcm their relationship 
to any Hydrozoa, has been denied by others. 

The Stromatoporoids are found mainly in the Ordo- 
vician, Silurian, and Devonian Systems, being most' abun- 
dant in the last; frequently they arc of considerable 
importance as rock-builders; some of the best known genera 
are Lahechia, Stromatopora, Stromatoporella, Actinostroma, 
Clafirodictyon, Idiostroma, and Amp>hipora. A few speci- 
mens, which are believed to be Stromatoporoids, have been 
found in deposits of Mesozoic ago. 
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CLASS II. SCYPHOZOA 

The Scyphozoa (ScyphomediiRfp) or Acalepha3 include 
the larger and more conspicuous jelly-fishes, such mAureliay 
Rhizostcffna, and Pelagia. They possess no hard parts; 
ncvei*theless the impressions of some forms {e.g. Rhizosto- 
mites) belonging to the Order Discomedusa? have been 
found in the Lithographic Limestone (Upper Jurjissic) of 
Solenhofen in Bavaria. ' 

Even in the oldest fossiliferous formations traces of 
supposed Scyphozoa have been found; the most satisfactory 
of these is the form from the Lowei^ Cambrian of Sweden 
referred to the Discomedusae, and named Medusina costata 
(= Medusites lindstrcByai). Others, but of which the nature 
appears to be somewhat doubtful, have been described by 
Walcott from the Middle Cambrian of Alabama and British 
Columbia, 

CLASS III. ANTUOZOA (AOTINOZOA) 

This Class includes the corals and sea-anemones. They 
differ from the Hydrozoa (1) in possessing an oesophageal 
tube or stomodeeum, which is distinct from the coelenteron, 
though opening into it; (2) in having the cmlefiteron 
divided up into chambers by vertical radiating partitions 
known as mesenteries; (3) in the reproductive elements 
being developed in the endoderm of the mesemteries and 
never on a medusa. 

The Anthozoa possess an apparent radial symmetry, 
but closer examination reveals a bilateral arrangement of 
their parts. » In a typical form, such as the common sea- 
anemone or a simple coral (fig. 26), the body has a morS 
or lem cylindrical shape, and is attached by one end, the 
other having an opening, the mouth (fig. 26, 2), surrounded 
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by tentacles (l) The mouth leads mto the stomodmum (3^ 
which opens at its lower end into the coelenteron The 
latter is divided into chambers by radiating partitioi^s, the 
'mesenteries (6g 26, 4 and fig 27 a — c), each of which 
consists of a thin gelatinous layer in the middle and a layer 
of endodeim on each side In the upper pait of the polyp 
the inner edges of the ])imcipal mesenteries join the sto- 
moda^um, but m the lower part they remain free, and a 



Jig 26 Semi diagrammatic view of half a simple Coral (Partly aftei 
Bourne ) On th( right side the tissues are lepresented as trans 
parent to show the airangement of the tlieoa and septa, on the 
left a mesentery is seen 1, tentacle , 2, mouth , d, stomodaBum 
4, mesentery 5, mesenteric hlaments, free edge of mesenteiy , 
6, ectoderm , 7, endodeim , 8, basal plate of skeleton , 9, theca , 
10, columella, 11, septum 

section in the formt-r region (fig 27) will show the body 
wall and also the stomodspum, but in the latter the body 
wall only The tentacles 26, 1) are placed immediately 
above the intennescntenc chambeis, and the space in each 
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tentacle ^ continuous with that of the chamber below. A 
bilateral symmetrj is indicated by the oval or slit-like 
mouth, and the similarly compressed stomodaBum ; also by 
the arrangement of the longitudinal muscles which occur 
on one face of each mesentery, extending from the base of 
the polyp upwards (fi^. 27). The sea-anemones have no 
hard parts, but the majority of Anthozoa possess a skeleton, 
which in many cases is quite external to the body, and is 
formed of carbonate of lime (fig. 20, 8 , 9 ) ; in others it is 
internal and may consist of calcareous spicules, or of an 
axiakrod of horny or calcareous material. The Anthozoa 
are divided into two Orders, (1) the Zoantharia,' (2) the 
Alcyonaria. 

OllDEK I. ZOANTHAIIIA 

In the Zoantharia the tentacles are generally numerous 
and are never eight in number, as is the case in the Alcyon- 
aria; occasionally there are six only, but frequently a 
multiple of six, and they usually form several circles around 
the mouth. The tentacles are nearly always simple (fig. 
26, l). The mesenteries (fig. 27, a, h, c) are usually nume- 
rous also and form several cycles ; those belonging to the 
primary cycle are formed first and reach to the stomodjeum; 
the other cycles (secondary, tertiary, etc.) are successively 
smaller. The mesenteries are aminged in couples (fig. 27) 
with the longitudinal muscles of each couple facing one 
another, except in the case of the couples situated at the 
grooved ends of the stomodseum, where the muscles are 
turned away from each other (d, e). Commonly there are 
six couples of primary mesenteries, six of secondary, twelve 
of tertiary, and so on. The narrow space between the two 
mesenteries of a couple is known as an entoccele ; the wider 
space between two mesenteries of adjacenf couples is known 
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as an exomle. A skeleton is often present in<»the Zoaxi> 
tharia and may be' calcareous or horny; when calcareous 
it is never composed of spicules but consii^ts of aragonite 
fibres. 

The Zoantharia comprise, (1) the sea-anemones, which 
have usually boon grouped together as the Actinaria, And 
are unknown in the fossil state, since they possess no hard 
parts ; (2) the Antipatharia-— colonial forms in which the 
skeleton consists of an internal homy rod secreted by the 
ectodenn ; these also are not found fossil ; (3) the Madre- 
poraria, including the well-known stony corals, which are 
very abundant as fossils. 


d 



e 


Fig. 27. Diagrammatic section of a Zoantharian polyp passing through 
the stomodsaum. a, primary mesenteries ; secondary mesenteries ; 
c, tertiary mesenteries; d, c, primary mesenteries at the ends of the 
compressed stomodsBum. The muscles are indicated by the thicken- 
ings on the mesenteries. 

MADKEPOKABIA 

The polyp of a Madreporarian coral has essentially the 
same structure as a common sea-anemone, but the ecto- 
derm of the lower part of the body secretes a skeleton 
consisting of carbonate of lime (fig. 26, 8, 9). The entire 
skeleton is spoken of as the and in compound 

corals the skeleton* of each individual is termed a coraUite. 
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The parts of the skeleton may be solid, or they may be 
perforat^* or formed of a network of rods. 

In a typical simple coral (fig. 29) the skeleton has a 
more or less conical form ; the 
base of the cone, on which the \!<TTT>w 

polyp is placed, is usually de- / 

pressed, and is termed the calyx. 

The wall bounding the corallum ^ 

is known as the theca (fig, 20, o; 1 ^ 

fig. 28, d); sometimes there is, 

outside this, another calcareous Fig. 28. Diagrammatic sec- 
l.yer, th« The ' 

space enclosed by the theca is mary septa ; c, pah; ei, theca; 
termed the visceral chamber ; it e, dissepiments. 

is divided up by various partitions, the most important 
of which are the se pta^ jUg:. 26, li ; fig. 28, h). These are 
vertical plates extending from the theca towards the 
centre, and alt(‘rnating in position with the mesenteries. 
The septa are of different sizes, some n^aching the centre, 
others being shorter; they frequently o(*cur in series or 
cycles, of which three or more may oft^en be distinguished, 
the largest being the pryuMXXy (h), th<» othei's the s econdan f, 
t ertiary ^ etc. Each cycle of septa agrees in position with 
the corresponding eyelo of mesenteries, e.y. the primary 
septa are within the ciiiocades of the first cycle of 
mesenteries. In many corals found in the Palaeozoic 
formations one of the primary septa (the cardinal septum) 
is much smaller than those formed aft^r it, and consequently 
appears, at the surface of the calyx, to lie in a pit or 
cavity, which is called a fossula (figs. 38 a, 39 A, a). 
Usually only one fossula is present — the cardinal fosmla , 
but sometimes others, known as the counter and alar 
fosmlcB are found (fig. 39 A, dd, e) (see p. 89). 


w. p. 


6 
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When the septa project upwards above the edge of the 
theca they are said to be exsert ( fig. 29). The faces of the 
septa are sometimes plane, but , 


usually bear ridges, granules, or 
spines. In some corals the septa 
are poorly developed, and may 
be represented by ridges only or 
by rows of spines. In the centre 
of the coral, where the larger 



septa meet, there is often a 
vertical rod, which extends from 
th(i base of the chamber to the 


Fig. 29. MontUvaltia trochoideH, 
Inferior Oolite, showing exsert 
septa. X 


bottom of the calyx; this is the col umella (figs. 28 a ; 
86 c). Its structure varies considerably when it is solid 
and ends in a knob or point in the calyx, it is said to be 
stijliform] sometimes the top is porous ov spongy » When 
the columella consists of twisted laminoB it is termed tra- 


beculate ; if fornuid by the twisting together of processes 
given off from the inner edges of the septa, it is false : in 
some genera there is no columella. Other vertical parti- 
tions, somewhat similar to the septa, are the pali ij i^, 28 c); 
these are radiating plates attached to the columella and 
placed opposite the inner edges of some of the shorter 
septa, but not joining them. Bars or rods, known as 
s midpticulw^ ai‘e often found joining one septum to another. 
Snmlarly, adjacent septa are often connected by thin plates, 
which maybe horizontal or oblique, straight or curved, and 
are called dissepi ments (figs. 28 e; 36 d); in some genera 
they are very abundant near the nuirgin of the visceral 
chamber and fewm a spongy or vesicular tissue (fig. 34 d). 
Tahulce are more or less horizontal plates which cross the 
septaT^d occupy the central part of the visceral chamber, 
or, when well developed, extend quite across it (figs, 34 t ; 
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86 t) ; they are arranged one above another, so that the 
visceral c&amber is divided into horizontal compartments. 
On the outside of the wall of the coral there are, in some 
forms, vertical ridges, which may be smooth or spiny; these . 
are known as costce, and usually correspond in position with 
the septa. 

In one family of Rugose Corals found in the Carboni- 
ferous there is a large cylindrical column in the centre 
of the coral which projects up into the calyx ; it may be 
formed of vertical radiating plates crossed by transverse 
plates or of irregular plates forming a vesicular tissue 
(figs. 37, 38). 

The young coral polyp is a free -swimming animal ; 
when it becomes fixed the first part of the skeleton to 
appear is a circular plate between the base of the polyp 
and^the surface to which it is attached; on this basal plate 
radial ridges — the first traces of the septa — are secreted 
in folds formed in the base of the polyp between each 
couple of primary mesenteries. The theca next appears 
at the edge of the septa, and is formed either by the union 
of the thickened ends of the septa, or as an independent 
secretion between the ends of the septa. At the edge 
<jf the basal plate an upgrowth may occur forming the 
epitheca outside the theca. For some time the polyp 
extends down to the base of the cup-like skeleton (fig. 26) 
and a fold hangs over the outside (fig. 26, 6 , 7 ) ; but as the 
septa and theca increase in height the lower part of the 
visceral chamber becomes (in most cases) more or less 
completely cut off by the development of dissepiments or 
tabulae which are secreted by the basal part of the polyp, 
and below which the soft parts do not extend. As growth 
proceeds more of these partitions are formed, and eventually 
a large part of the coral ceases to have any direct connexion 

6^2 
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with the polyp. On account of the septa and columella the 
basal wall of a coral polyp, unlike that of a searanemone 
which remains flat, becomes greatly infold^ ; the infolds 
occur between every two mesenteries. The parts of the coral 
skeleton described above are entirely eccternal to the polyp; 
but the synapticulfie, on the other hand, perforate the 
mesenteries and the basal wall of th'e polyp, and a«re formed 
by the growth and ultimate fusion of two opposite granules 
on the fac('S of adjacent septa. 

Some corals remain simple (i.e. consist of a single in- 
dividual) throughout life. Others, which are simple in 



Fig. .so. A. Dendrophi/llia nigrchcem, showing corallites which have 
been produced by lateral budding. Hecent. x } . B. Cyathophyl- 
lam truncatum^ showing calicular budding, Wenlock Limestone. 
Katural siae. 0. Cladochonm era ivs (seen from above), showing 
basal budding, Carboniferous Limestone. Natural size. 

the young state, afterwards become compound and form ' 
colonies, either by giving off buds, or by fission. In 
budding, new individuals may arise from the part of the 
polyp which extends outside the theca (fig. 26, 6, 7), in 
which case a branching coral like DendrophylJ^a (fig. 30 A) 
is frequently formed; this mode of increase is termed 
lateral budding. In other cases buds arise on the upper 
surface of the old polyp, and then the young corallites are 
found inside the calyx of the parent —hence this is known 
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as oalicnlfT budding (fig. 30 B). In hasal budding (fig. 
80 0), which is rare in the Madreporaria but common in 
the Alcyonaria, the buds spring from creeping prolonga- 
tions or stolons, which are given off from the base of the 
coral. Fission, or division into halves, commences by the 
mouth becoming slightly constricted in the middle ; this 
increases gradually until two distinct mouths and two 
polyps are formed, after which a similar division takes 
place in the skeleton. ' When the individual corallites in 
a compound coral are free and diverge from one another. 


9 

Fig. 81. Section of a diBsepiment of Galaxea. Magnified. 
dt growth-lamellas. (From M. M Ogilvie.) 

the corallum is termed dendroid (fig. 30 A) : when they 
are in contact, it is massive. If the corallites are not in 
contact the spaces between the individual corallites are 
sometimes filled up with calcareous niat(*rial formed by the 
coenosarc, and known as mnenchytna. In mixssive corals 
{e.g. Aoervularia)^ the base of the corallum is sometimes 
covered by a thin epithecal plate — the basal epitheca. 

In dendroid corate the polyps on the different corallites 
may be quite separate from one another ; but in massive 
corals, whilst the upper parts of the polyps are more or 
less sepamte, the lower parts are united and the coelentera 
of adjacent individuals communicate with one another.. 
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When coenenchyma is present the polyps are united by an 
extension of the part which ordinarily occurs outside the 
theca, and now forms a sheet called the cceiM>sarc, 

Microscopic examination of thin sections shows that 
each part of a coral is formed of thin layers or growth- 
lamellfB which consist of fine needle-like crystals placed 
more or less perpendicularly to the surfaces of the lamellse. 



Fig. 32. Transverse section of part of a septum and theca of Galaxea, 
Highly magnified. dark spots; growth-lamellciii; a, granule on 
septum. (From M. M. Ogilvie.) 

In a dissepiment the upp^r surface only is covered by the 
soft parts, and a section shows (fig. a series of lines 
parallel to the surface and other finer lines crossing at 
right angles are seen — the former marie the growth-laraellsB, 
the latter the crystalline fibres. In a septum »both sides 
are covered by the soft parts, and a transverse section 
shows (fig. 82 ) a median dark line or row of dark spots, 
on each side of which the structure is symmetrical. When 
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the surface of the septum is plane, the lamellae are straight, 
or nearly straight, and parallel with the surface, and the 
fibres are perpendicular ; but when the surface is ridged 
the lamellae are curved so as to be parallel with the ridges, 
and the fibres radiate out from the dark median spots 
toward the curved surface of the ridge (fig. 32). When 
the septa bear striae, granules, or spines, in addition to 
ridges, the folding of the lamellae and the radiating ar- 
rangement of the fibres become more complex ; but in all 
cases the structure is directly related to the form of the 
surface. The dark lines and spots represent the part of the 
septum which was first secreted; their dark appearance 
may be due either to the less regular arrangement of the 
fibres or to the imperfect calcification of the material 
of that part. In fossil corals the dark part has often 
undergone secondary changes which give it a more distinct 
appearance. 

-In the development of a living Zoantharian coral six 
primary septa are first formed and appear simultaneously ^ 
one septum between each couple of primary mesenteries; 
next, six secondary septa are introduced between the 
primary septa, either simultaneously or in bilateral pairs 
from the dorsal to the ventral border; other cycles may 
subsequently be added in a somewhat similar manner, not 
simultaneously, but in successive bilateral pairs; in the 
adult all the septa have generally a completely radial 
arrangement. In the Rugose corals of the Pala3ozoic period 
the development^ of the septa folfows a different course. 

^ In some corals twelve septa are first developed simultaneously, of 
which six grow more rapidly than the others and become the primary 
septa. 

’ This can be studied by gradually grinding down the tip of a perfect 
specimen. The arrangement of the septa in Bugose corals can also be 
seen either oh the surface of the wall or by removing the theca. 
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Instead of the six primary septa appearing simul^aneonsly, 
two septa (fig, 33 A), one on each side, are first formed and 
meet in the centre of the coral — representing the cardinal 
(l) and counter septa (i') of the adult, on the* ventral and 
dorsal sides respectively (fig. 39 A, a, i); next, two more 
septa (fig. 33 B, 2) appear, one on each side of the cardinal 



Fig. 33. Development of the septa in a simple Rugose Coral, Zaphrentis, 
1 — 3, primary septa; 1, cardinal septum ; 1'. counter septum; 2, alar 
septa ; 8, counter-lateral septa ; a, h, c, later septa (metasepta). 
(After Carrutbers.) 

septum, and as growth proceeds these become more widely 
separated from the cardinal septum, and eventually form 
the alar septa of the adult (fig. 39 c) ; afterwards, two 
septa (3) are added, one on each side of the counter septum, 
and these also spread outwards as growth proceeds (as 
indicated by the arrows in fig. 33 D). The six septa now 
present are regarded as the primary septa (i, 2, 3), The later 
septa (sometimes termed metoepia) are introduced in pairs; 
these appear at four points — one septum on each side of tM 
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calpdinal §eptum (l), and one between each alar septum ( 2 ) 
and the primary septum (3). The two pairs which are first 
added (fig. 33#E, a) are attached to the cardinal sides of the 
primary septa 2 and 3; similarly later pairs (fig. 33 F, G, 6, c) 
are introduced and are joined to the cardinal sides of the 
previously formed septa. As growth proceeds all the later 
septa (a — c), unlike the primary septa, gradually move 
towards ihe counter septum, as indicated by the arrows in 
fig. 38 G. ‘ 

In the adults of some Rugose corals (fig. 39 A) the 
arrangement of the septa is similar to that just described, 
so that on each side of the cardinal fossula and on the 
counter side of each alar septum the later septa (mctasepta) 
have a pinnate arrangement. In other genera, however, 
the pinnate plan is not seen in the adult (figs. 37, 38), since 
in the later stages of growth all the septa either become 
free at their inner edges or unite only at the centre of the 
coral ; and in such cases, unless a fossula is present, the 
symmetry of the coral is nearly or quite radial. 

From the description of the septal development given 
above, it will be seen that the fossulje arn breaks in the 
sequence of the septa. The cardinal fossula (fig. 39 A, a) 
is limited by the later septa added on each side of the small 
cardinal septum. The countcu' fossula, on the opjjosite side, 
where no new septa are irxtroduced, is bounded by the two 
primary septa (d, d) which enclose the counter septum (b). 
The alar fossulae are the spjxces between each alar septum 
(c) and the newer septa which haVe been added on its 
counter side. 

The fossulse have been regarded as pits or chambers for 
those mesenteries which alone were specialised for repro- 
duction. Another explanation of the nature of the cardinal 
fossula is that it is due to the presence of a groove on the 
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ventral side only of the stomodaBum, similar to tjiat found 
in the living family Zoanthidae ; it is thought that such a 
groove would, account for the small size of tha cardinal 
septum. 

By many authors the Madreponirian corals have been 
divided into three sections: (1) the Aporosa, (2) the 
Perforata, and (3) the Rugosa. The chanicters of these 
groups are: — 

( 1 ) Aporosa, Th eca and septa solid, the latter radial ly 
arranged, with usually six primary septa. Tabuhe usually 
not clearly differentiated. Fission common. 

(2) Perforata, Distinguished from the Aporosa by the 
septa and theca being perforate. Where the perforations 
are numerous the skeleton is light and porous and appears 
to consist of a network of rods. In living corals the per- 
forations are traversed by canals of the soft parts. 

(3) Rugosa, Septa and theca solid ; tabuloB and dis- 
sepiments usually well developed and clearly differentiated. 
The coral is usually bilaterally symmetrical owing to the 
pinnate arrangement of the septa and to the presence of one 
or more fossulav (fig. 39). New septa are introduced along 
four lines only. In the adult coral the septa are usually 
of two sizes, alternately long and short. Increase takes 
place by budding, not by fission. The Rugosa nvv almost 
limited to the Paheozoic formations; the name of the group 
is taken from the vertical ridges often seen on the wall 
of the coral. 

The separation of the Aporosa from the Perforata cannot 
be maintained since it has been shown that corals with a 
perforate skeleton have arisen independently from more 
than one group of Aporosc corals. 

Until recently it has been generally maintained that 
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the Rugqsa possess only four primary septa— the cardinal, 
the counter, and two alar septa, which divide the coral into 
quadrants ; o» account of this the name Tetracoralla has 
sometimes been used for this group. The study of the 
development of the septa has shown that there are really 
six primary septa, and the Rugose corals consequently agree 
in that* respect with Aporose corals, so that it is possible 
that both may have descended from the same ancestors ; 
the difference in the mode of development of the later 
septa, however, seems to indicate that the two groups soon 
diverged. A difficulty in accepting this view of their 
common ancestry is due to the fact that Rugose corals are 
found as early as the Ordovician, whereas Aporose corals 
are not known to occur in the Palnoozoic formations. It is 
also possible that Aporose corals may have descended from 
a Palseozoic Anthozoan which possessed no skeleton. 

Another view is that the Rugose corals do not form a 
natural group, since the bilateral symmetry, the fossute, 
etc., which were regarded as characteristics, are not in all 
cases found in adult specimens; on the other hand, some 
of the Mesozoic genera of Aporovse corals are stated to 
possess fossuhe and a bilateral symmetry, and to show in 
the young stages a pinnate arrangement of septa like 
that found in Rugose corals. Also some of the families 
of Aporose corals, particularly those found in the Trias 
and Jurassic, are said to possess features similar to those 
of certain Rugose families of the Palaeozoic period, from 
which it is inferred that they are the descendants of the 
latter. Thus, for example, the Astraeidae (Aporosa) are 
believed by some authors to be closelyrelated to the Cyatho- 
phyllidae (Rugosa), and the Turbinolidac (Aporosa) to the 
Zaphrentidae (Rugosa). If this view of the relationship 
of Aporose and Rugose families is correct, it is obvious 
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that the Rugosa and Aporosa cannot he regarded natural 
groups, of which the former became extinct or' nearly extinct 
at the'" close of the Palaeozoic period, but that different 
Rugose families are the ancestors from which a number 
of Aporoso families have sprung independently. 

Until more is known of the phylogeny of corals it will 
be convenient to divide the genera described into two 
groups (1) Rugose, (2) Aporoso and Perforate. 


1. Rugose Corals, 

^ Q^athophyllum (fig. 34). Simple or compound : often 
massive. Septa nurnerouH, of two sizes, alternating, the longer 
reaching the centre whore they may give rise to a false columella. 
Fossula often absent. Tabuh© rather small, occupying the central 
part only of the visceral chanil)cr. Dissepiments form an extensive 
peripheral zone of vesicular tissue. Bala to Carbonifei’ous. Ex, 0, 
murckisoni^ C. regium^ Carboniferous Limestone. 



•■^4* Fig. 85. ^ 

Fig. 34. Cyathophyllnm murchisoni^ Carboniferous Liiuestone. Portion 
of a vertical soctiou. d, dissepiuients ; t, tabulro. 

Pig. 35. Acervularia Ituxnriam, Wenlock Limestone. Horizontal section 
of one corallite. x 1 J. 


AceryulEria (fig. 35). Comi)ouiKl, massive ; cornllites with 
an outer polygonal (frequently h||^gonal) theca, and an inner 
circular wall formed by the thickemug of the sepU.- Septa well 
developed, the longer reaching the centre. Columella absept. 
Tabulm extend across the central part of the visceral chamber 
Dissepiments form a fMsripheral zone of vesicular tissue. Silurian to 
Devonian. Ex. A, ananas, Silurian, In the Devonian species the 
, theca tends to become reduced, thus approaching MUMpsastra^, 
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PhllBfilHlIMitwa (^Smithia). Compound, iQi^ssive. Septa 
numerous/beci)ming thickened between the margin and centre of 
the cordite; only the longer septa extend inside this thickening 
tbiijS^rds the cenjfre of the corallite. Septa of adjacent corallit^ often 
confluent. (The ridges sometimes seen on the sides of the septa are 
dueto the imperfectly preserved remains of dissepiments.) Theca thin 
absent. No columella. Tabulao and dissepiments well developed, 
the former concave. Devonian. Ex. P, AemuiM a,i\d P. pengeU^\ 

^ UtllOBtrptioll (fig. Compound, either massive and 

with prismatic corallites, or formed of separated, nearly parallel, 
cylindrical corallites. Septji well develo|>ed, alternately long and 


A B 



Fig. 8G. Lithostrotion hasaltiforme, Carboniferous Limestone. A. Hori- 
zontal section of a single corallite, x 24 . B. Vertical section, x 5. 
c, columella; t, tabulae; d, dissepiments; w, theca. 

short. Columella rod-like, laterally compressed. Peripheral zone 
of dissepiments narrow. Tabula) wide, occii})ying tlie centre of the 
visceral chamber. Fossula often distinct. Cu rboniferous. Ex. X. 
hasaltiforme. 

^ Onaphyma. Simple, turbinate or coniail. Septa rmmorous, 
alternately Tbiig and short, but extending only a short distance into 
the visceral chamber, the central part being occupied by tabulae. 
Four shallow fossulas arc present. No columella. Peripheral zone 
of dissepiments relatively naHow. The theca gives off root-like 
processes. Bala to Lower Ludlow. Ex. 0. suhturbinata, Wenlock 
Limei^tone. 

CiisiophyllUin (fig. 37). Simple, turbinate or subcylindrical. 
Septa numei’ous, alternately long and short; a well-marked cardinal 
fossula. The largo central column consists of vertical radiating 
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plates crossed obliquely by inclined plates, and forms a prominent 
projection at the bottom of the calyx. . The column is Surrounded 
by a zone formed of tabuhc, and external to this is a large zone of 
dissepiments. Carboniferous. Ex. C. hipartitum. 

Dibunophyllum. Like Cluiophyllam but with a strong 
median vertical plate across the central column. Carboniferous. 
Ex. ./>. muirheadi. 

Aulophyllum {^Cydophyllmn) (fig. 38). Similar to Clmo- 
phyllum. but with the central column surrounded by a distinct wall 
which is produced on one side into an angular or ridge-like projection 
pointing towards the fossula; central column vesicular formed of 
iiTOgulMr plates. Carl)oniferous. Ex. A. fxmgiUs, 





Fig. 37. 



Fig. 38. 


Fig. 37. Clhiophxjllum hipartitum^ Carboniferous Limestone. Horizontal 
section showing the large central column. Natural size. 

Fig. 38. Aulophyllum [Cyclophyllum^fungiteSf Carboniferous Limestone. 
Horizontal section, a, cardinal fossula. xl'^. 


"jf ]Lo|)^8.4g.l^a. Compound, either massive with polygonal 
corallites, or fasciculate with cylindrical corallites. Septa do not 
reach the theca, tlie marginal j»art of the corallito being formed of 
dissepiments only. Tabuhe more or less nearly horizontal, widely 
spaccid ; central column similar to that of Dibunophyllum. Carboni- 
ferous. Ex. Z. duplicata. 

Cyathaxonia. Simple, turbinate or elongate-conical. Septa 
reach the columella, which is solid. Fossula present. Tabulae 
sometimes present. No dissepiments. Carboniferous. Ex. C. comu. 
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bilateral ; turbinate, conical, 
or cylindrical, often curved; calyx deep; theca thick. A well- 


marked cardinal fossula is present. Septa moderately numerous, the 
larger reaching ^ery nearly or quite to the centre, the smaller usually 
short. Tabiilso well developed, extending quite across the visceral 
chamber. No true dissepiments. Columella absent. Silurian to 
Carl)oniferous. Ex. Z. delanouei^ Carboniferous Limestone. 


Ampl^JCUS. Similar to Zaphreiitu^ but generally cylindrical, 
and with very short septa. Devonian and Carboniferous. Ex. A, 
condloidesj Carboni ferous. 



Fig. 89. Carboniferous Limestone. A. Horizontal 

section ; cardinal septum in fossula ; counter septum ; c, alar 
septa ; d, counter-lateral septa bounding the counter fossula ; e, alar 
fossula. 15. Vertical section showing tabulie bending down into the 
cardinal fossula (a) ; (h), counter side, x 5. (.Drawn by R. G. Car- 
ruthers.) 

Caninia. Form simibu* to Zap/ireMu but often cylindrical 
and slender. The longer septa meet in the centre of the lower part 
of the coral, but are usually ’short in tlie upper part. No columella. 
Tabube well developed. A peripheral ring of more or less vertical 
dissepiments is present in the adult part. ^ Carboniferous, Ex. C. 
cornucopue. 

Streptelasma. Simple, conical or turbinate, bilateral, with 
a thick wall. Septa numerous, alternately long and short. A 
fossula usually present, but sometimes indistinct or wanting. 
Columella large, false, trabeculate. Tabulae irregular, usually poorly 
developed. Dissepiments moderately developed. Ordovician and 
Silurian. Ex. S. corniculum^ Ordovician. 
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>Oy«tipbyUnm (fig. 40). Nearly always simpte, 

Septa and tabulsa absent or rudimentary; visceral chamber fiDM 
with vesicular tissue, the outer part consisting of dissepiments, the 
central part representing tobuto. Fossula sonietimes present. 
Columella absent. Calyx often deep, commonly with ndgw re- 
presenting septa. Silurian and Devonian. Ex. C. ve,un>k,»um. 


Devouian. 



Galceola (ti«. 41 }. Hlmplo, conical or sh))ix'r-'iliape(l, one side 
IS fla'Ctbe oilier U)nvc\ ; c,ily\ very deep and closed by a semilunar 




Fig. 41. CaheoJa »m<daUm, from 

terioi of calyx; B, inside ot opirculum of tbe same. Natural size. 

operculum, uhich has on its inner surfa<» a 

i^iau ndge and several less prommeiit lateral ridgfe; sepU 

“£L br..ri» 1« •!» "JJO 

Mt, C. mndalina. 
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^ Qoniophyllum. Similar to Calceola, but quadrangular; 
operculum, consists of four plates forming a pyramid over calyx. 
Visceral chamber filled with vesicular tissue. Silurian. Ex. G. 
Jletcheri, Weiilock Limestone. An operculum also occurs in the 
allied genus Rhizophylltimy Silurian. 

2. Aporose and Perforate Corah, 

Turbinplia. Simple, conical, free ; calyx circulai*, with pro- 
jecting columella. Septa exsert. Gostfc lamellar, projecting, with 
pits in the grooves between them. No dissepiments or tabulro. 
Eocene, Oligocene, and Recent. Ex. T. Barton Beds. 

Flabellum. Simple, compressed, fan-shaped, free or fixed by 
rootlets. Calyx narrow, deep; septa numerous. Columella trabe- 
culate. Costie smooth or spiny. Upper Cretaceous to present day. 
Ex. F. mod% Coralline Crag. 

^ MontlivalUa (fig. 29). Simple, fixed or free; turbinate, 
cylindricaf,^ conical, or discoidal. Epitheca well developed, cor- 
rugated ; theca thin. Columella absent. Septa numerous, strong, 
often exsert, the upper edges dentate. Dissepi merits abundant. 
Trias to Recent ; in England, Lias to Coralliaii. Ex. M, trochoide.% 
Inferior and Great Oolite. 

Parasxnilia. Simple, fixed, turbinate or elongate. Calyx 
circular. Ci>hHnplla spongy. Se}>ta well developed, cxsei’t, granular 
on the sides. WaH-.witli costae. Ci-etacoous to present day. Ex. 
P, centralUy Chalk. 

^ Isastosa. Compound, massive; calyces liolygonal. Walls 
of the . corallites fused along their entire length. Columella rudi- 
mentary or absent. Septa thin and close together. Dissepiments 
abundant. Trias to Eocene; in Englaml, Lias to Upper Greensand. 
Ex. /. explanat^, Corallian. 

Stylina. Compound, usually massive ; calyces circular, pro- 
jecting, usually separated. Columella small, styliform. Septa exsert. 
Dissepiments abundant.. Corallites united by costje. Basal epi- 
theca with folds. Trias to Cretaceous; in England, Inferior Oolite 
tq Coralliiftn. Ex. S. tuhnlifera^ Corallian. 

4 jSBiJla. Compound, dendroid or rarely almost massive. 

Multiplii&ation by fission. Margins of calyces irregular. Columel^ 
w. p. 7 
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rudimentary or abnent. Septa atroug, nipper edges dentate, more or 
lees exsert. Dissepiments abundant. Bpitbeca thick and folded, 
but* often not preserved. Trias to Tertiary ; in ^England, Lias to 
Kimeridgiaii. Ex. T. annularis, Corallian and Kimeridgian. 

Holooystls. Conix)ound, massive, convex ; calyces polygonal. 
Columella very small or absent. Corallites united by their walls or 
by costm. The four x)rincij)al sei)ta are much better developed than 
the others. Tabultc well developed. Lower Greensand. Ex. AT. 
elegans. 

*rhftmnfl.BtrflB a.- ComxK)und, massive; convex or laminar. 
Walls of the corallites indistinct. Calyces shallow. Septa formed 
of fan-shaped rows of rods ; the sex)ta of adjoining corallites confluent ; 
faces of sex)ta with granulations. (Jolumolla small, trabeculate. 
Dissej)iments xiresent, synajjticulic numerous. Usually a basal 
epitheca. Trias to Miocene ; in England, Lias to Ui)i)er Greensand. 
Ex. T. arachmides, Corallian. 

Blicrabacia. Simxfle, free, dincoidal, base concave. Colu- 
mella false. Septa nutnerous, with their outer edges x)erpendicular. 
Synapticul00 present. Theca on the base only, thin ; costa) granular. 
Upjier Cretaceous. Ex. M, coronula. 

Goniopora Lithama). Compound, massive, perforate. 
Calyces more or less polyg(mal. Septa well dovelox)ed, the faces 
spiny, the ui)i)er edges dentate. AValls of the corallites reticulate. 
Columella formed by the ends of the septa. Cretaceous to i^reseut 
day, common in the Eocene. Ex. O. wehsteri, Bracklesham Bods. 

ORDER II. ALCYONARIA 

The Alcyonaria are nearly all colonial organisms; the 
polyps possess eight mesenteries and eight ^tentacles, the 
latter being provided with pinniiles (fig. 42, 4 )* In the 
stomodmum there is only one groove with pilia, and' the 
longitudinal muscles (fig. 43, 6) on tj;ie rjesenteries are» all 
directed toward the groove. All the meseptd^ies reaejb the 
stomodaeum (1). The nature of the skeleton varies^ con- 
siderably; in Aloyovium it consists of ii^lated spic«les of 
tsurbonate of lime embedded in the common gelatipous basfe 
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from which the polyps arise. In some cases it has the fomi 
of an aKial rod surrounded by the soft parts; this rod may 
consist of homy material (a^r. Oorgonia) or of carbonate of 
lime Corallium, the red coral), or it may be formed of 
alternating seginents of horny and of calcareous materiaf 
as in Isis, In the * organ-pipe coral' (Tabipora musica, 



Fig, 42. *Part of. a colony of Alcyonium digitatum showing thirteen 
polyps in various stages of retraction and expansion. (From Shipley 
and MAcBride.) 1, mouth; 2,. stomodicum; 3, mesenteries; 4, ten- 
tacles. X 8. 

fig. 44) the skeleton consists of numerous parallel tubes or 
corafirtes (a^ which are not in contact but are held together 
bjr hdtizontal calcareous plates or ‘platforms' (6). The walls 
of tjha corafli^s, although apparently quite compact, are 
reaflyxomposed of spicules which have serrated edges and 
are/firq^ly* fitted togeth^ A single polyp lives at" the 
summit^ of each oorallite; spicules occur in the middle 

7—2 
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gelatinous layer of the polyp, and in the lower part become 
interlocked to form the solid wall of the corallite. The 
interior of each corallite is divided up by tabulae which 
are often funnel-shaped (fig. 44 c). 

In some of the Alcyonaria, as for example Pennatulay 
there are in addition to the ordinary polyps (or autozooids) 
others of a more rudimentary character, known as siphono- 
zooids, in which tentacles are absent. 



Fig. 43. Transverse section through a polyp of Alcyonium digitatum in 
the region of the stomodsBum . x about 120. 1, cavity of stomodseum ; 
2, ventral groove with cilia (siphonoglyph) ; 3, ectoderm ; 4, gelatinous 
layer; 5, endoderm; 6, muscles of mesenteries; 7, cavity between 
mesenteries. (After Hickson.) 

The blue coral {Heliopora) differs from other living 
Alcyonaria in that the skeleton consists of calcareous fibres 
instead of spicules, and in this respect resembles the 
Madreporaria. Heliopora has the form of branched or 
lobed masses, and is composed of tubes of two sizes; the 
larger tubes or corallites are circular and possess usually 
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fifteen spine-like projections at their summits with ridges 
|»elow; these are called pseudosepta, since they are not 



Fig. 44. Tubipora musica^ Bccent. A. Part of a colony, natural size. 
B. Diagrammatic vortical section of one corallite (enlarged) showing 
canals in the wall and platform, a, corallite; platform; c, tabula. 



Fig. 45. Heliopora carulea. A single polyp and the adjacent soft parts. 
«, the projecting part of the polyp with eight pinnate tentacles; 
5, lower part of the polyp; c, ectoderm ; d, sheet of canals; c, caeca. 
(Aiter Bourne.) 

w ■ 

related to the number of niesenteries and do not correspond 
with tme septa. The smaller tubes form a coenenchyma 
between the corallites, and are more irregular in form. 
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Both comllites and ooenenchymal tubes are ^vided by 
horizontal plates or tabulae. The soft parts form ar thi^ 
sheet over the surface of the skeleton; polyps (fig. 45, ah) 
are placed in the corallites and give off branching «tubes 
(d) which cover the coenenchyma and send blind prolonga- 
tions or caeca (e) into its tubes. The cajca were formefly 
regarded as siphonozooids. 

Alcyonaria are rare as fos8ils(p. 108), unless the ‘Tabulate 
Corals’ of the Palapozoid, described below, be included in that 
group. 


Tabulate Corals 
» 

In the Pala'ozoic formations numerous compound corals 
are found, the systematic position of which cannot yet be 
established ; they are characterised by their numerous and 
well-developed tabulae, by the septa being, in most cases, 
represented by ridges or spines only, and usually by the 
long, slender, tube-like corallites. Some of these corals 
present considerable resemblance to living Alcyonaria; for 
example, Syringopora is similar to Tubipora, and Helio- 
lites to Heliopora: on account of this, many authors main- 
tain that these fossil forms belong to the Alcyonaria, but 
this relationship is denied by other writers who point out 
that the skeleton is not formed pf spicules, but is similar 
in structure to that of Zoantharian corals, and further that 
there is a close resemblance between Favosites and the living 
Zoantharian Alveopora; if it could bo shown that these 
two forms are related, then it would foljow that Favosites 
and other allied fossil genera (including %riw^opora) must 
be placed in the Zoantharia. Other views of the affinities 
of these Palaeozoic corals are (1) that they do not belong 
to either the Zoantharia or the Alcyonaria, but constitute 
an isolated group of the Anthozoa, (2) that they have been 
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derived frota early forms of the Rugose corals, of which 
they form a. specialised offshoot; the evidence for this 
view appears to be “furnished chiefly by the Heliolitidie. 

A few species which appear to be allied to the Palasozoic 
forms have been found in deposits of Mesozoic age. 



Fig. 46. fiyrinffopora reticulata^ 
Carboniferous Limestone. Hori- 
zontal and vertical sections of 
corallites, x 5. 


. (fig. 46). Compound ; corallites tubular, for 
the iSibst part not in contact, 
more or less parallel to one 
another. The interiors of the 
different corallites conimunicato 
by means of horizontal connect- 
ing tubes. Septa feebly deve- 
loped, generally represented by 
spines. Tabula numerous, more 
or less funnel-shaped. Budding 
basal. Llandovery to Oarboni- 
femus Limestone. Ex. S, reti- 
culata^ Carboniferous. 

Syrimgopora agrees with TMpora (fig. 44) in consisting of 
parallel, cylindrical corallites, which have fiiimel- shaped tabula, and 
in its basal-budding; it differs from Tuhipora in having unich 
thicker walls which are not composed of spicules, and are not per- 
forated by minute canals ; also in the tabula being much less regular 
ill form and position, and in possessing septa in the form of spines. 
The platforms of Tuhipora (which are traversed by canals opening 
into the corallites) are represiuitod by the connecting tubes of 
Syrmgopom ; in one species of Syringopora (S. fabulata) the 
resemblance is particularly close, since the connecting tubes are given 
off from the corallites at definite levels in a radiating manner. 
On the other hand it must be noted that RetcroccRnia provineialis, 
an Aporose coral from the Chalk, closely Teseinbles Tuhipora in its 
general build, althoiigh having no relationship to the latter. No 
fossil forms which would connect the Palaozoic Syruigopora with 
the recent Tuhipwa have laen found in Mesozoic or Tertiary 
formations. ' 


i (fig. 47). Compound, massive, sometimes branched. 
Corallites long and polygonal ; the walls are in contact but not fus^, 
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and are perforated by iK)res (‘mural pores’) arranged in rows along 
each face. Septa absent or represented by rows of spines. Tabula) 
numerous, regular, generally extending quite across the corallite. 
Basal epi theca present. Bala to Carboniferous Limestone. Ex. F. 
gothlandioa^ Silurian. 

Favosites is related to Sgringopora^ but the corallites are in 
contact, and consequently connecting tubes are absent, though 
probably represented by the mural pores. The living Madreporarian 
Alveopm'a agrees in general structure with Favositeii^ but its walls 
are less compact, and its biisal epitheca is quite small. Some corals 
{e.g. Kumnckia^ Ubaghsla) which resemble Favosites are found in 
the Upper (h'ctaceous, and are regarded by some writers as links 
between Favosites and A/veopora. Alveopom has been recorded from 
the Ui^per Cretaceous (jf Portugal, and from the Oligocene of Styria. 


Fig. 47. Favosites, HWuihm. A, horizontal ; B, vertical section. 

CO, young corallite. (From Nicholson.) x 5. 

Pachypora. Similar to Favosites, but the walls of the coral- 
lites are greatly thickened, especially near the surface of the coral, 
by a secondary deposit of carbonate of lime. Silurian to Carboni- 
ferous. Ex. F, cervicornis, Devonian. 

Alve olit es, Allied to Favosites, Massive, encrusting, or 
branching. Corallites laterally compressed, with thin walls and 
large mural pores. Silurian and Devonian. Ex. A, lahechei, 
Silurian. 

Pleurodictyum. Compound, discoidal, attached by part of 
the base, upper surface slightly convex. Corallites diverge from the 
centre of the base ; walls thick, with irregular pores. Bepta rudi- 
mentary, Tabula) not numerous, more or less united. A basal 
epitheca. Silurian and Devonian. Ex. P, proUematicum, Devonian. 
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MicheUnia. Similar to PleuTodictyum^ but the tabulae are 
more numerous and form a vesicular tissue, and root-like processes 
are usually given off from the epitheca on the base of the coral. 
Devonian and Carboniferous. Ex. M. favosa^ Carboniferous. 

Heliplites (hg. 48). Corallum corni)ound, massive or branch- 
ing, formed of tubes of two sizes ; the larger circular ones are the 
corallites, between which are the smaller polygonal tubes forming 
the coenenchyma. Tabuhe occur in both, and in the corallites there 
are septii which are usually lanie.llar and are generally twelve in 
number. (Jolumella sometimes found in the corallites. Jhila to 
Devonian. Ex. H. porom^^ Devonian. 

0 


B 

Fig. 48. Heliolites j)oro8ns,T>Q\oi\iB,n, A. Horizontal section. B. Ver- 
tical section, a, corallites ; by tubes forming the ceenenchyina ; 
Cy tabulae, x 5. 

In general structure Heliopora is similar to IIeliolite,% but is 
more branching, whilst IJeUoHtes forms rounded or encrusting 
masses ; further, the smaller tubes which form the coineiichyma 
branch dichotomously in IhdioUUity but in Heliopora new tubes are 
introduced between the older ones. By rpany writers these two 
genera are considered to be closely allied, but the relationship is 
denied by others, who state that important differences are found in 
the structure of the corallite walls ^^nd septa. According to Lind- 
strom and others, the corallites of Ihliolites possess a distinct and 
independent wall (theca) and also have true septa, whilst in Heliopora 
the corallites are simply bounded by the walls of the coenenchymal 
tubes, and possess pseudosepta instead of septa and these have the 
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form of ridges except at the openings of the corallitos. Bourne, on 
the other hand, considers that the corallites of Meliotitu possess 
no independent wall, and agree in this respect with Heliopom, 
Although the coenenchyma of Eeliolites resembles* closely that of 
IJeliopora^ yet Lindstrom and Kiar maintain that it has originated 
independently in the two genera, and cannot be taken as evidence of 
relationship ; this view is based on a study of the development and 
phylogeny of Heliolites^ and leads to the conclusion that that genus 
and its allies constitute a specialised offshoot from the early Rugpsa; 
it is claimed that HelioUtes has descended from an earlier Heliolitid 
in which the ccenonchyrna is vesicular instead of tubular, and that 
the circular coral lite wall of the Heliolitids is equivalent to the inner 
circular wall of Acvrmlaria f{x\i\ Kndophyllum, whilst the coenenchyma 
represents the vesicular dissopiinents of those genera. The great 
•'interval of time between the last appearance of HelioUtes and 
first appear/ince of Heliopora lends support to the view that these 
genera are not closely allied ; the former and its allies arc not known 
in rocks of later age than the Devonian, while the latter has been 
recorded in rocks of Oretju'eous and later date only. 

Plasmopora. Allied to HelioUtes. Usually disooidal or 
hemispherical. Walls of smaller tubes incomplete or absent, and 
their tabula) forming a vesicular tissue. Septa iu corallites lamellar, 
and prolonged outside each calyx, so as to enclf>se large spaces of 
uniform size. Basal epitlieca with concentric ridges. Ordovician 
to Devonian. Ex. P. petaliformis^ Silurian. 

Proporar Allied to Plasmopora. Kdges of calyces projecting ; 
septa represented by spines, and not prolonged outside the calyx 
to enclose lai'go spaces. Ordt>vician to Silurian. Ex. P. tuhalata^ 
Wenlock Idmestone. 

Compound ; corallites long and tubular, arranged 
ill a single row and united at their sides so as to form laminee, i^hich 
intersect ; in sonic species the corallites are of two sizes — the 
smaller perhaps represent the ccenenchymal tubes of HelioUtes. 
Epitlicca thick. Septa absent or represented by spines. Tabulae 
well developed, horizontal or concave. Llandeilo Beds to Wenlock 
Limestone. Ex. JJ. catenulari^iy Wenlock Limestone. 

Cheetetes. Massive, often laminar, consisting of slender, tiibe* 
like polygonal corallites whioli are contiguous ; walls (lerforated. 
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'TabulaB wdl-develop^, widely separated. Septa represented by a 
singly row of spine-like processes on one side of each coraUite. 
Chiefly Carboniferous. . Ex, C, radians. 

Distribution of the A nthozoa 

2k>antharia. From the point of view of their distribu- 
tion at the present day, the Madreporaria may be divided 
into two groups, the solitary and the reef-building. 

The solitary corals {i.e. the corals which do not form 
reefs) are found in almost all latitudes, but live mainly in 
rather deep water, the larger number occurring between 
depths of 50 and 1000 fathoms; some few {e.g. CaryophyU 
lia) livg in quite shallow water, whilst others inhabit the 
depths between 1000 and 2900 fathoms. The species of 
solitary corals have a wide distribution, being apparently 
but little affected by conditions of temperature and depth. 
It might therefore be expected that they would also have 
a long range in time; this however is not the case, for 
existing species extend but a short way back into the 
geological record, and not a single living form is found 
fossil in the English Cainozoic formations; about a third 
of the living general,, however, are reprcvsented in Cainozoic 
rocks, and a fe^ (e.g. Garyophyllia, ParasinMia, Trocho- 
cyathus) occur in Mesozoic formations, but none range into 
the PalsBOzoic. 

The distribution of the reef-building corals, unlike that 
of the solitary forms, is limited by both depth and tempera- 
ture, Thus they are found only in shallow water, not 
usually extending lower than 20 or 30 fathoms, and only 
where the temperature of the ocean is not less than 65° F.; 
they flourish only in water warmer than this. Like the 
solitary corals, the reef-building genera of the present day 
have but a very limited geological range, only a very few 
extending back so far as the Mesozoic period. 
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Corals, with possibly one .or two exceptions, can only 
exist in salt water; but Madrepora cribripora is said to 
inhabit nearly fresh water. Clear water isJikewise gene- 
rally necessary, but one species, Porites Iwiosa, thrives in 
muddy situations. In geological times, and especially in 
the Paheozoic and Mesozoic periods, the reef-building corals 
had a much wider geographical range than they have at 
the present day, and their remains occur abundantly in 
various formations in both temperate and polar regions; 
but in the course of the later Cainozoic period the range 
of the reef-builders became more and more restricted until 
the present limits were reached. 

With perhaps a few exceptions the Zoantharia found in 
the Paheozoic formations belong to the Rugose group. The 
other common corals of the Palieozoic belong to the Tabulate 
group, the systematic position of which is uncertain. In 
the Mesozoic and later formations Aporose and Perforate 
corals are abundantly represented. 

Alcyonaria. The Alcyonaria occur in all parts of the 
world, and are found at all depths from the shore-line down 
to 2J100 fathoms, but they arc most abundant at depths of 
less than 100 fathoms; beyond this limit the number of 
species gradually diminishes as the depth of the water 
increases. 

Very few of the modern Alcyonarian families occur 
fossil, but the Pennatulidie are represented in the Trias by 
Prographularia, in the Lower Lias by Mesosceptrony in the 
Cretaceous by PavonaWa, and in the Cainozoic by Oraphu- 
laria. The red coral, Corallium, is found in the Cretaceous 
and Cainozoic (perhaps also in the Jurassic); forms allied 
to Gorgonia occur in the Cretaceous and Tertiary rocks; 
Isis is found in the Cainozoic, and perhaps also in Creta- 
ceous formations. Spicules, similar to those of Alcyoniumy 
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have been detected in the Upper Cretaceous. Heliopora 
is first recorded from the Cretaceous. The organ-pipe coral, 
Tabipora, has not been found fossil. 

Fossil corals are comparatively rare in argillaceous and 
arenaceous beds but often [ibundant in calcareous rocks, 
many limestones beifig formed almost entirely of coral 
remains. This is. indeed what might be exptjcted, since 
existing forms can, as a general rule, live only in clear 
water. The chief features in th(i geological distribution 
of the Anthozoa arc given in the following table. 

Oiimbrian. A few genera wliicli may be corals have been found 
in the Cambrian in North Americji, Sardinia and Spain. 

Ordovician. In North America corals (especially /^treptdasma) 
are cc)mrn()n in this system, but in England only a few forms have 
been found, the most important being Pavosites^ Heliolites^ Hah/sites. 

Silurian. (V)rals are very abundant, espo(;ially in the Wenlock 
Limestone. CyaihophylliLm, Acermlaria^ Omphyym,, Lindstmmia^ 
Goniophyllum, JSyringopora., Pavoaites, Heliolites^ Plasmopora^ Pro- 
pora, Halysites. 

Devonian, Cyathophyllum^ A cervidaria Pkillipsastraut.^ Cy^ti' 
phyllum, Calceolaj Favosites, P(whypora, Pleurodictymn^ lldiolites. 

Carboniferous. Cyathophyllum^ Lithostrotion^ Cli»ioj>hyllu'ni^ 
DihunophyUvm, Aulophyllum.^ Lonsdaleia^ Zaphrentu^ Cyathaxonia^ 
Caninia^ Amplexus, Cleistopora, Michelwia^ Syn'ngopora. 

Permian. Only a very few forms have hceu found. 

Trias. Corals are absent in England, but abundant in the Alpine 
Trias; most of the Paleozoic forms have become extinct and in 
I)lace of them are Rhahdophyllia, Cladophyllia, Montlivaltia, Them- 
smilia^ hastreea^ Phylloccenia^ Astrocoenia^ Sfylma, Omphalophyllia. 

Jurassic. Montlivaltia^ Isastreea, Thamnastreea and Thecosmilia 
are found in the Lias but are not common; in the Oolites they 
beconje very abundant and several other genera also occur, e.g. 
StyUnay Cyathophora^ Cladophyllia^ CalamophylUa^ Anabacia. 
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(Jretaccous. Corals are not abundant in England ; the chief 
forms arc Panmnilia^ Trochocyathus^ Micraibacvx^ EolocyHis. In 
some parts of Europe, especially in the Gosau beds^(of Chalk age) of 
the Austrian Alps, corals are very numerous and include Astrocosniay 
Monilimltia^ Isastnva^ Oydolite,% Thamnastrma^ etc. 

Cainozoic. Corals are rare in English Cainozoic formations; 
TurhinoUa^ Dendrophyllia^ Oo.ulina and Ooniopora {Litharma) occur 
in the Eocene; Madrepora in the Oligocone; Flahdlum in the 
Pliocene. In the middle and south of Europe, and in the south- 
eastern part of the United States, corals are found abundantly in 
various Cainozoic deposits. 
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Clamei}, 

{ 1. Autorozoa. 

2. Kchinoidea. 

8. Uolothuroidua. 

/ 1. Crinoidea. 

I 2. Cyistidoa. - 
1 8. Blastoidoa. 

V Edrioasteroidea. 

The Echinodertns are all marine and comprise the star- 
fishes, brittle-stars, sea-urchins, sea-lilies, sea-cucumbers, 
and the extinct blastoids and cystideans. The body is very 
often radially symmetrical, the symmetry being generally 
pentameroiis. But in many cases there is also a more or 
less well-marked bilateral arrangement of parts. In the 
majority of cases the alimentary eanal terminates in an 
anus. A body-cavity or cadom is present and surrounds the 
alimentary canal. The water- vascular system (fig. 52) is 
one of the distinguishing features of the group: it consists 
of a set of vessels containing a watery fluid and generally 
placed in communication with the sea-water by means of 
a canal ; one vessel forms a ring round the msophagus from 
which radiating trunks are given off. .The water- vascular 
system functions in respiration and as a sensory organ, and 
generally also in locomotion. A nervous system is present; 
one part of it has a distribution similar to that of the water- 
vascular system. Reproduction is mainly sexual; as a rule 
the sexes are separate, but do not differ externally. 

In nearly all echinoderms there is a dermal skeleton. 


Sub-Phyla. 

1. Eleutherozoa 

2. Pelmatozoa... 



112 ECHINODERMA 

This is calcareous and consists sometimes of isolated pieces, 
but more usually of rods or plates united by fibres of con- 
nective tissue and forming a complete shell (Or test, which 
may be cither flexible or rigid; spines and other processes 
are often attached to the plates. When examined micro- 
scopically each ]ja.rt of the skeleton is found to be formed 
of a network of calcareous rods (fig. 49), with a jelly-like 
substance in the spacers of the network. The details of the 




Fip;. 49. A. rortion of transverse section of a spine of a sea-urcliin, 
JhJehmometra, Recent. Magnified. B. S<}ction of iiitcrambulacral 
plate of recent Cidaria cut parallel to the surface. Magnified. 

structure vary in difterent forms, depending on the size and 
shape of the spaces between the rods. In the spines of sea- 
urchins the network of rods has usually a radial arrange- 
ment, with polygonal or rectangular spaces (fig. 49 A), 
except at the centre, where the structure is more irregular. 
Another characteristic feature of the skeleton is that each 
component part shows the optical characters of a crystal 
of cal cite, and differs only from an ordinary crystal in not 
having crystal contours and in the possession of the netted 
structure. In a plate the principal crystallographic axis is 
at right angles to the surfiice, in a spine it is parallel with 
the length. In fossil specimens the spaces in the network 
of rods usually become filled with calcite, which is deposited 
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in crystalline continuity with that forming the plate or 
spine. In such cases the characteristic cleavage of calcite 
becomes well ^larked,* so that when the plate or spine is 
broken, the fracture passes along the cleavage planes, instead 
of being irregular as in the recent forms. By the infiltra- 
tion of calcite and the development of cleavage, the organic 
structure in fossil echinoderms is sometimes partly or 
almost completely destroyed. 

The Echinoderma are divided into two main groups, 
(1) the Eleutherozoa, (2) the Pelmatozoa. 

I. ELEUTHEROZOA 

The Eleutherozoa possess no fixing organ and are able 
to move about freely. This group is divided into three 
classes: — (1) Asterozoa, (2) Echirioidea, (3) H cloth uroidea. 

CLASS I. ASTEROZOA 

The Asterozpa are represented in the older Pala30zoic 
rocks by a great diversity of forms, but these, in the main, 
can be arranged in two groups which have survived to the 
present day — ^^the Asteroidea (or starfish) and the Ophiu- 
roidea (or brittle-stars). The Asteroidea are the simpler of 
these two groups, and have undergone less modification 
from the parent Asterozoan stock. All the forms of the 
Asterozoa are built round the water- vascular system (fig. 52) 
in a more or less similar way; there is a central mouth in- 
side the water-vascular ring, and a disc of varying extent 
around the mouth; five arms (occasionally secondarily mul- 
tiplied) come off from the disc. The main variations in the 
structure of the skeleton appear to be connected with the 
manner of life of the forms, and can be best illustrated by 
an account of the structure of the two groups. 

w. p. 
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SUB-CLASS L ASTEROIDEA 

In the Asteroidea the arms arc usually short and* tuergO 
gradually into the disc. Occasionally, as in the recent genus 


AS A2A Alpl 



Fig. 50. Oral surface of a fifth part of the skeleton of Pevtaceroa reticn- 
latm, Alpl^ anterior process of first ambulacral; A, A2, A3, the 
first three ambulacral ossicles; AT.A.P., mouth-angle plates ; Amh.rtr.y 
ambulacral groove ; Ad., adambulacrals ; F.L., ventro-lateral plates; 
I.M., infero-marginal ossicles; S.M., supero-marginal ossicles; 
Am.p.y ambulacral pore. (From Spencer after Agassiz.) 


Pentagonaster and in the Chalk genus Metopaster, the arms 
are so short that the whole body is almost a pentagon. 
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OtheF genera, such as AstropecteUy have longer arms, but 
no A^eroidea, except a few deep sea forms, have the long 
thin arn$s which usually characterise the Ophiuroidea. 

The two surfaces of the Asteroid are readily distinguish- 
able. The under surface (known as the oraly ambulacraly 
actinal or ventral y fig. 50) is marked by the mouth, and the 
five deep ambulacral grooves {Amh. gr.) along the arms. 



Fig. 51. Section of the arm 
of a star-fish {jUtropecten), 
a, ambulacral ossicles ; hy ad- 
ambulacral plates; c, infero- 
marginal plates with spines; 
d, supero-marginals; e, radial 
water vessel; /, ampulla; r/, 
tube-feet. Enlarged. 



Fig. 52. Diagram of the water- 
vascular system of a star-fish, 
a, circular vessel round the 
mouth; 5, radial vessels; c, 
Polian vesicles; d, stone-canal; 
Cy madroporic plate; /, tube-feet 
(ouly a few shown); Qy ampulla. 


In each of these grooves one of the five radial water vessels 
(52 h) is placed and from it arise the tubular offshoots known 
as the tube-feet (/*). The upper surface (known as the apical, 
aboraly antiainhulaoraly abactinal or dorsal) is completely 
covered over; a distinct ossicle on this surface is the madre- 
porite, the porous plate through which water is admitted 
into the water- vascular system. 

The ambulacral grooves extend from the mouth to the 


8-^-2 
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extreme tip of the arm 9 . Each groove is formed by two 
rows of ossicles (the ambulacral ossicles^ fig. 51#) which 
meet at an angle making an arch, and is boidered on each 
side by another row of ossicles, the adambulacrals (fig. 61 6). 
Between the ambulacrals are pores for the passage, of the 
ampullcB or reservoirs (/) attached to the tube-feet (g)* 
The tube-feet themselves are used for pulling open Lamelli- 
branchs on which star-fish feed, and for climbing and walk- 
ing. The ambulacral groove can be closed for the protection 
of the tube-feet by muscles placed ventrally to the radial 
water vessel or opened by muscles dorsal to the same struc- 
ture. Longitudinal muscles occur between the adambula- 
crals and at the dorsal tips of the ambulacral ossicles, by 
means of which each side of the arm can be contracted. 
The ossicles nearest the mouth, in series with the adambu- 
lacrals, arc called mouth-angle plates (fig. 50, M,A,P,)\ they 
are often so stout that they give the mouth a star-shaped 
form. In the inter-radial angles supporting the mouth-angle 
plates is a stout plate, the odontophor; this is not usually 
visible on the oral surfoce in recent forms as it is covered 
by the ventro-lateral plates, but in many Pateozoic genera 
which do not possess ventro- laterals it is seen distinctly. 

In the remaining parts of the skeleton, which are known 
collectively as the interambvlacral skeleton^ the following 
parts are usually clearly differentiated. — (1) a double series 
of plates, the supero- and infero-marginals which form the 
sides of the arms and disc (figs. 51c, d, 50 /SJlf., (2) 

small plates, the ventro-laterals placed on the oral surface 
of the disc between the marginal plates and the adambu- 
lacral ossicles (fig. 50 V.L,): (3) a central primary circlet of 
radial and inter-radial plates on the aboral surface, usually 
more distinct in the young than in the adult form : (4) plaib 
which fill in the remaining portions of the aboral surface. 
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Tie plates tunning down the middle of the aborstl surface 
of the arm are known as radials. The terminal member of 
this series is liotched for the reception of the most distal 
tube*foot which possesses an eye-spot, and the plate is 
therefore known as an ocular. Some or all of the plates of 
the interambulacral skeleton may be partly cut away to 
allow of tube-Iikc projections of the skin which form simple 
respiratory organs known as dermal hranchice or papulm. 

All the plates except the ambuLicrals may carry spines. 
The disposition of the spines is of importance in classifi- 
cation. In the genera found in the Chalk the ornament 
formed by the pits in which the spines are sunk may be 
used to distinguish genera and even species. Frequently 
some of the spines are modified into pincer-like organs 
{pedicellarice) which serve for protection and as a means 
of cleaning the surface of the body. 

The soft parts follow the general radiate symmetry 
already noticed in the water- vascular system. The mouth 
leads into a short oesophagus which opens into a globular 
stomach; above the stomach is the pentagonal pyloric sac, 
from the angles of which are given off branches which soon 
divide into two and extend down the arms near the aboral 
surface. From the pyloric sac a short narrow intestine leads 
to the anus at the centre of the aboral surfiice. The dis- 
tribution of the main part of the nervous system is similar 
to that of the water- vascular system: it consists of a ring 
round the mouth and of a branch which extends down the 
ambulacral groove of each arm ; there is also a layer of fine 
nerve fibres under the ectoderm. The genital glands occur 
in pairs at the base of each arm and open to the exterior 
between the rays. The water- vascular system communicates 
with the exterior by means of a canal (fig. 52 d) which 
passes from the circular vessel to the madreporite on the 
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aboral surface of the disc; this is known- as the stom canal 

* 

on account of the deposit of carbonate of lime in its walls. 

Metopaster. l^ody flattened, pentagonal in outline, the rays 
only slightly produced. Marginal plates thick, with rabbet edge 
which bears shallow spine pits. Supero-marginal plates few in 
number, forming a broad border to the disc ; the terminal pair ot 
plates the largest. Aboral surface covered with small polygonal 
(usually hexagonal) plates. Infero-marginal plates, more numerous 
than the supero- marginals. Plates on the oral surface small, poly- 
gonal. Cretaceous. Ex. M. parkimoni^ Upper Chalk. 

Mitraster. Similar to Metopaste^^ but rounded (or slightly 
pentagonal) in form, with supero-marginal plates few and of more 
nearly equal size. C^halk. Ex. M. hmiteri. 

Crateraster. Body almost pent#igonal. Lateral faces of mar- 
ginal plates with crater-like pits. Apical faces of marginals usually 
with rugosities. Chalk. Ex. C. (piinqmloha. * 

Pycinaster. Ceneral shape of the body similar to Galliderma, 
Marginals liigh and almost smooth. Supero-marginals wedge-shaped. 
Upper Greensand and (.■halk. Ex. P. an{/mtatu,% U})per Chalk. 

Callidenxia. Body flathmed, pentagonal-stellate, with the 
rays moderately long. Marginal ])latcs largo, forming a broad border 
to the disc, covered with shallow spine pits. Aboral surface of disc 
with small plates arranged regularly. Cretaceous to present day. 
Ex. C. if7nit/ipv, Chalk. 

Stauran deraster, liodyhigh; arms produced. Plates with 
a rabbet edge. Ornament on plates, when present, conflned to the 
central raised area. Proximal marginals breast-plate shai^ed. A 
distinct central circlet of plates is often present on the aboral surface. 
Chalk. Ex. S. hulhlferus, 

SUB-CLASS II. OPHIUROIDEA 

The Ophiurpidea are a highly modified group. The 
arrangement of the nervous and water-vascular systems is 
similar to that found in the Asteroidea, but the tube-feet no 
longer have any locomotory function, being merely sensory 
or respiratory organs. The arms are long and thin, and are 
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capable of wriggling and writhing movements. The disc is 
round and sharply marked off from the arms. Many Ophiu- 
roids live on mfld from the sea bottom which they push into 
their mouths by means of the tube-feet nearest the mouth. 

The structure of the arm is shown in fig. 53. The anibu- 
lacral ossicles are no longer pairs of rod like bodies, but 
consist of a single series of 
stout vertebra^, (fig. 53 d) 
which articulate upon each 
other. The derivation of 
these vertebrae from pairs of 
ambulacral ossicles can be 
followed in the young forms 
and in the older Palaeozoic 
fossils. Th e adai nb u lacrals 
are represented by thin plates, 
known as latei’al plates or 
side shields (6), which usually 
})ossess a ridge carrying a comb of long spines. The aboral 
surface is protected by a series of dorsal plates (a) analogous 
to the radials of the Astcroidea. Tht^ groove? is covered by 
ventral plates (c) not n‘pres(;nted in the Asfceroidea. Ntuther 
generative organs nor diverticula from the alimentary canal 
enter the arms as they do in the. Asteroidea. 

The oral surface of the disc (fig. 54 A) is formed by inter- 
radial pouches covered with scaly plates and granules. The 
slits (g) between the pouches and the arms serve as genital 
openings and for the entrance of water for respiratory pur- 
poses. In the inter-nidial angles between the mouth plates 
are five large buccal plates (6), one of which serves as a 
madreporite. The aboral surface of the disc (fig. 54 B) is 
in most cases covered with numerous small plates, but 
usually there is at the bases of the arms on each side a 


Fig. tiH. Section of the arm of 
an Ophinroid {Ophioff I ypha). a, 
tlorsal plate; b, lateral plate; 
c, ventral plate; d, ambulacral 
OBfticlcB fused along the median 
vertical line; <?, ambulacral 
groove. Enlarged. 



120 


ECHINODBBMA. OPHIUBOIDBA 


large plate, the radial (r). Some forms have a, pritoary 
circlet of plates similar to that mentioned for the Asteroidea 

(p. 116 ). 



Fig. 54. A. Ophinra^ Keoent. Oial suifaqp of disc and part of the arms. 
5, buccal plattib ; genital slits; r, ventral plates of arms. B. Ophio- 
ghjpha^ liecent. Aboral surface, r, radial plates; f, lateral plates 
of arms; d, dorsal plates of arms, a IJ. 


The month-angle plates are fused with the proximal 
pair of ambulacrals to form stout jaws. A single stout plate, 
the toruHy situate at the mouth extremity of each pair of 
jaws cfirrios strong sj)in(‘s or teeth which arc used for 
grinding. 

The Palfeozoic Ophiuroidea differ from recent forms in 
several respects. All the be>t known forms are devoid of 
ventral plates covering the groo ve. The radial water vessels 
are protected by outgrowths of the ambulacral ossicles which 
form a closed canal. The opposite members of each pair of 
ambulacral ossick's are not fused into single vertebras. 
There are no buccal plat(‘s, and the raadreporite is a * 
separate plate. The vertebi^as of some genera possess arti- 
culating knobs and prominences similar to those in recent 
forms The principal Palaeozoic genera are: 


Lapworthura. Disc circular, composed of small spicules. 
The halves of each vertebra (ambulacrals) are opposite. Ludlow Beds* 
Ex. Z. miUom. 
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AlpidOfOma* Disc with concave edges, bordered by a single 
row of mar^nal plates. Ambulacral plates alternating. Ordovician 
to Devonian. Sac. A. Devonian. 

Pratl^ter. Disc oomposod of overlapping scales. Ambulacral 
ossicles alterxiating. Silurian. Ex. P. mdgmcki^ Ludlow BedA 

Distnbution of the Asterozoa 

The Asteroidea have a wide distribution in the ocean 
at the present day; they are most abundant at .moderate 
depths, but also occur in abyssal regions. 

The majority of the Ophiiiroids live in shallow water, 
more than half of the known species being found at a depth 
of less tlian BO fathoms, and most of these not extending 
lower. Other forms occur at greater d( pths, some species 
being found below 1000 fathoms. 

The earliest representatives of the Asterozoa at presemt 
known are found in the Middle Ordovician. Complete speci- 
mens are usually rare as fossils since the skeleton readily 
breaks up after death, but at some horizons and localities 
numerous examples have been found, viz.:— Upper Ordo- 
vician of Thraive Glen, Girvan ; Wenlock Beds of Gutterford 
Burn, Pentland Hills; Lower Ludlow of Leintwardine, 
Herefordshire; Lower Devonian (Budenbach Slates) of the 
Rhine; Lias of Whitby and Lyme Regis; Corallian (Cal- 
careous Grit) of Yorkshire; Upper Chalk of Bromley, Kent. 

The classification of the fossil Asterozoa is not yet 
settled. The following Palaeozoic genera are closely allied 
to the recent Asteroidea — Hudsonaster^ Mesopalwaster, and 
Promo'palceaster (Ordovician and Silurian), Xenaster and 
Devonaster (Devonian); these genera show, to some extent, 
characteristics found in the young of recent forms, for they 
usually possess a comparatively simple skeleton and have 
a very distinct primary circlet of plates in the centre of 
the aboral surface of the disc. 
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An extinct branch of the Asteroidea is formed by the 
Palaeozoic genus Urasterella and its allies; the disc of these 
forms is small and the arms are long and thinf the adambti- 
lacral plates are broad and possess a distinct ridge which 
bore stout Ophiuroid-Hkc spines. 

Some Pala3ozoic Astcrozoa have an Asteroid shape 
and Asteroid-like ambulacrals, but thci madreporite, when 
known, is on the oral surfaces, and they show other pecu- 
liarities of structure which ally them with the Ophiuroidea 
rather than with the Asteroidea; these include Stenaster 
(Oniovician), Schuchertia (Ordovician and Silurian), He- 
lianthaster (Devonian), Paloysteriscus (Devonian), Sturt- 
zaster, Rhopalacortia and Bdellacoma (Lower Ludlow). 

Well-known Paheozoic Ophiurhids are Lainoorthara 
( Ludlo w ), A spidosoma ( Ord o v i ci an t< ) 1 )e von i an ), Protaster 
(Ludlow), and Onychaster (Devonian and Carboniferous). 

Forms very similar to living Ophiuroids are found in, 
the Jurassic and have been referred to the recent genera 
Ophiura, Ophiolepis, and Ophiocten. In the Cretaceous 
Ophiura and Ampkiura occur. A few" forms, such as 
Opliioylypha, have been found in the Eocene. 

The Asteroidea in the Jurassic formations closely re- 
semble living forms and have beim refen’ed to the genera 
Astropecten, Solaster and Plumaster, The Asteroidea of 
the Cretaceous are found chiefly in the Chalk where iso- 
lated marginal plates are often' abundant and can be used 
for the determination of zonal horizons; the principal genera 
are Metopaster^ Mitraster, Crateraster, Pycinastery Calli- 
derma and Stauranderaster, In the Oainozoic rocks of 
England star-fishes arc rarely found. 
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CLASS IT. ECHINOIDEA 

The echinoids or sea-urchins have usually a globular, 
heart-shaped, or discoidal body, covered with spines. The 
or is covered by a layer of ectoderm and consists 
of numerous calcareous plates, which, in the majority of 
cases, are immovably united. Nothing corresponding to the 
ambulacral groove of the star-fish is to be scon on the surface, 
since the water- vascular system is internal to the skeleton, 


A 



b 


Fig. 55. A. Diagram of the upper surface of a regular echinoid, with 
the tul)ercles and spines omitted. «, ambulacral areas; />, inter- 
ambulacral areas; p, pores in the ambulacral plates. 

13. Apical disc of Echinua enculenfm^ Recent, a, anus ; p, periproctal 
membrane with small plates ; </, genital plates, each with a pore ; 
m, madreporic plate; o, ocular plates, x 1^. 

and as a result the tube-feet, in order to reach the exterior, 
must pierce the plates of the test. With one exception the 
mouth is always on the inferior surface ; it is either central 
or placed in front of the centre. The anus is either at 
the summit of the test or posterior to it, somewhere along 
a line drawn from the summit to the centre of the base. 
In *the regular echinoids both anus and mouth are central 
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—being placed at opposite poles of the test; in the 
irregular echinoids the anus is always, and the mouth 
often, excentric. In the test we may distinguish three 
parts: a small patch of plates placed at the summit, known 
ns the ^ or apical system; the main part of the 

test termed the corona; and the part between the mouth 
and the lower margin of the corona, which usually bears 
plates and is known as the peristome. 

In a typical echinoid of the regular group {e.g. Echinus) 
the anus is ])hiced within the apical disc (fig. 65 B), which 
then consists of the following parts. Near the centre is 
the arms (a), which is surrounded by a membrane bearing 
small plates and known as the per iproct (p). The peri- 
proct is encircled by a ring formed of ten plates, five are 
called genital (g) and five ocular (o). The genital plates 
form the inner part of the ring; they are often more or 
less hexagonal in outline, and are usually provided with a 
perforation which serves as the opening for the genital 
ducts— whence their name; one is pierced by numerous 
pores and is the oaidreporh; Outside .the genital 

plates and alternating with them are the ocular plates; 
these are smaller than the genital and usually triangular 
or pentagonal, and each has a perforation through which 
the terminal tentacle of the radial water-vessel projects ; 
this is pigmented and has sometimes been regarded as a 
rudimentary visual organ'. 

In most of the regular echinoids the apical disc is large, 
but particularly so in Cidaris, Salenia, PeltasteSy and 
their allies. In a few regular forms (fig. 56 D) the genital 
^ The genital plates are sometimes termed basala and the oculars are 
also known as radiahy since, by some anthors, they have been cdbsidered 
to represent the plates which bear those names in other groups of the 
Echinoderma* It is more probable that, although occupying similar 
positions, they have originated independently in the different groups^ 
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plates litre completely separated from one another by the 
oculars, so that a single row of ten plates encircles the 
periproct ; in ethers, some only of the genital plates are 
separated by oculars. Each genital plate has usually one 
perforation only, but in many Pala3ozoic forms (fig. 56 D) 
there are three or more, and in Gidaris often two. Similarly 
the oculars in a few Palaeozoic echinoids have two perfora- 
tions instead of one. In Salenia and Peltastes there is an 
extra plate in the apical disc ; it is in front of tlui peripro(5t 
and is known as the sur-anal plate (tig. 56 A, b). 



Fig. 56. Some types of apical disc. A. Pidlastes wrightiy Lower 
Oreensand. B. Echinocoi'yn vulgarisy Upper Chalk. C. Collyrites 
bicordata, Corallian. D. PalteechinuSy Carboniferous Limestone. 
E. Galerites suhrotundus, Chalk. In the figures the ocular plates 
are distinguished by dots, the genital plates by lines, m, madreporic 
plate; a, anus; b, sur-anal plate. All enlarged. 

In the irregular echinoids the apical disc is small, sil|ce 
it does not enclose the periproct. * The madreporic plate 
may extend to the centre of the disc (fig. 56 E, m), and 
sometimes (Spatangus) reaches to the posterior border, 
separating the posterior oculars. The posterior genital is 
sometimes absent (fig. 66 B), and when present may be 
without a perforation (E). In Echinocorys and Holaster 
the apical disc is elongated, and the anterior genitals are 
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separated from the posterior genitals by two oculars which 
join in the middle (fig. 56 B); in Gollyiites (C) the apical 
disc is still more elongated, since the two posterior oculars 
arc separated from the rest of the apical disc by a chain 
of small plates. 

The corona in a typical echinoid consists of twenty 
columns of plates, each column extending from the apical 
disc to the peristome. The plates are of two kinds, am- 
hulacral (fig. 55 A, a) and inter amhulacral (b); there 
are five double columns of ambulacrals separated by five 
double columns of interambulacrals ; each double column 
is termed an area. The former end against the ocular 
plates, the latter against the genital, and in each case 
fresh plates are developed next the apical disc. In each 
area the plates alternate on either side, and since their 
inner ends are angular, the line between the two rows is 
zig-zag. 

The gmi bula cra l pla tes are smaller and more numerous 
than the intei’ambul acral, and they are p eiforated by 
pores (p) for the passage of the tube-feet to the exterior, 
a radial water-vessel being placed under each ambulacral 
area. The pores are usually rou!id,but sometimes elongated; 
in most cases they are situated in tlie outer portion of the 
plates and are almost alway s jii^paj rs ; each pair of pores 
corresponds to a single tube-foot, since each tube-foot 
divides at its base into two canals. Frecjuently each pair 
of pores is surrounded by an oval raised rim, peripodium 
(fig. 57); the two pores in each pair are sometimes hori- 
zontal, but usually inclined so that the inner pore is lower 
than the outer pore. In some echinoids, such as Gidaris, 
and all the PaUeozoic genera, each ambulacral plate is 
formed of one piece only (as in fig. 55) — such plates are 
called simple. In other cases some of the ambulacral plates 
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are compound, consisting of two, three or more small plates 
which have become fused together ; but the original plates 
are still indioated by the lines of suture between them 
and also by the pair of pores on each (fig. 57) ; in some 
genera (fig. 57 A) the plates which are united are all 
primaries — that is to say, each extends from the margin 
to the middle line of the ambulacral area; but frequently 
some of the plates taper away and do not reach the middle 
line (or inner edge of the compound plate) — such are 
called demi-plcutes {e.g. the mi<ldlc plates in fig. 57 B). 
This fusion of plates is usually stated to be due to growth- 
pressure — since each plate of the test is enlarging and 





Fig, 57. Compound Ambulacral Platefl. A. Pseudodiadema hemi- 
spharicum, from the Corallian, formed of three fused plates. B. Phy- 
vioHoma koenigi, from the Chalk, formed of six fused plates. 
C. Stomechinm pcrlatua, UpjHjr Jurassic, three plates, each formed 
of three fused plates, with trigeminal pores. Enlarged. 

new plates are being added next the apical disc ; the fact 
that some of the fused primary plates arci smaller than 
others, and also the presence of demi-plates, is attributed 
to the reduction in size of the original plates by the 
absorption of material under pressure. The diflerenco 
in size may, however, be due mainly to the more rapid 
superficial gimvth of the plates on which large tubercles 
are developed. The pores in the ambulacra of some 
echinoids are placed one immediately above the other, so 
that one vertical row of pore-pairs is seen— > such pores are 
termed imigeminal (fig. SB ) ; in other cases the pore-pairs 
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are alternately near to, and more distant from, the margin 
of the ambulacra! plate, and consequently two verticil rows 
are formed, and the pores are said to be bigerninal; m a 
similar way three or niore vertical rows of pore-pairs may 
be produced, when the pores are known as trigeminal 
(fig. 57 C) or polygeminaL Sometimes the pores in each 
pair are united by a groove on the surface of the plate, and 
are then termed c onjugat e. In some sea-urchins the two 
rows of pores in each ambulacral area diverge rapidly after 
leaving the aj»ical disc, and then come together again before 
reaching the circumference (or ambitus), so that this part 
of the ambulacrum is leaf-like, and the five ambulacra 
together form a rosette on the u])per surface of the corona, 
the pores being either wanting or but irregularly developed 
on the lower surface ; the ambulacral areas in such cases 
are termed petaloid {e»g. Scatellu) but when the rows of 
pores diverge ))ut do not come in contact at their outer 
ends they are suh'petalM {e.g. Nucleolites). When, as in 
Gidans, the distance between the two rows of pores in- . 
creases uniformly and slowly in passing from the apical 
disc to the equator, and the pores are equally well-developed 
on the under surface of the test, the ambulacra are said to 
be simple (fig. 55). 

The advantage gained by the development of compound 
plates, which appear first in Triassic echinoids, seems to be 
to give a larger number of tube-feet in each vertical row. 
The bigeminal or trigemii\al arrangement of pores causes 
the tube-fegt to be spread over a larger area, and in- 
creases their mechanical efficiency; the same result was 
attained by the development of numerous columns of plates 
in Palaeozoic echinoids (see below). Petaloid ambulacra 
are particularly well-developed in flattened or cake-like 
eohihoids, and in such forms fSe tube-feet have for the 



ECHINODERMA. ECHINOIDEA 


129 


most part lost their locomotory function and have becomti 
respiratory organs. 

With ouly A few exceptions the corona iji the Mesozoic 
and later echinoids is formed of twenty columns of plates, 
as described above; but in the Paheozoic echinoids, more 
than twenty columns of plates are found (iig. (il), except 
in the earliest -known genus Both rioc/idaris (Ordovician), 
which is remarkable in having only onc‘- column of i)lates 
in each interambulacral area, with the usual two columns 
in each ambulacral area. In other Pak-eezoic forms the 
number of columns is variable and often great, so that the 
total number of plates in the corona becomes considerabl (5 : 
thus, Archaiocidaris possesses two columns in each am- 
bulacrum, and f<)ur in each int(u*ambulacrum ; Oligoporm 
has four ambulacral and from four t(» nine intiu'ambulacral 
columns; MelonechiiiuSy^ix.U) twelve; ambulacral, and from 
throe to eleven interambulacral columns; whilst Lepldeathes 
consists of from eight to as many as (‘ighteen ambulacral, 
and three to seven intcTambulacral columns. In these 
Pakeozoic forms (?ach ambulacral plate possesses one pair 
of pores. 

In most echinoids the plates join l)y a. vertical sutun; 
and the test is l igid, but in some genera the. ])lab‘S of the 
corona overlap to a slight extent, giving somi; flexibility 
to the test ; such is the case in several Paheoziuc gcme.ra, 
and also in a few later forms, especially Pelaneclmms from 
the Corallian, Echmotharia from the Chalk, and some 
living species of the d(;o]j-sea Asthenoaoma and Phormo- 
soma. 

The plates of both the ambulacral and interambulacral 
areas arc often provided with rounded elevations known 
as tubercles and granules. The tubercles are of various 
sizes, the largest being the primary, and those of smaller 

w. p. 9 
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size the secondary. In pritnary tubercle the following 

parts may be distinguished : at the summit a hemi- 

spheroidal piece, sometimes 

perforated at the top, and ^ jji 1 

known as the niamelon (fig. jl | B 

58 B, m). The inarnelon rests j| i 

on the boss (5), the upper || 

margin of which is sometimes ku | 

smooth, sometimescrenulated. |i| It 

The base of the boss is fre- 

quontly surrounded by a ytr^^ 

smooth excavated space, the i ^ 

areola or sc rohicide (a), to !’%• •'jS. A. Spine of Chlaru 

which muscles from the spine E,,ek8. a, aretabnlum; //.head 

are attached. The granules <•. “o""'''; b, abaft or 

, stern. B. Anibulacral plate of 

are smaller than the tubercles Cidaris (recent) with a large 

and have no distinct inainclon. {’"“'‘'[■I ‘uberde^d secondary 

tubeicles. in the primary tu- 

Attached to the tuber- beide, ?«, mamelon; h, boss; 

1 ,1 . ; • f o, areola. Natural size, 

cles are the spines or raaioles; 

tlieso are of dififerent sizes and shapes in different genera 
and species and even on the same individual, being needle- 
like, rod-like, flask-shaped, etc.; the larger spines are 
attached to the primary tubercles, the smaller to the 
secondary tubercles. They scsrve for protection and also 
assist in locomotion. At the end of the spine, where it 
articulates with the mamelon, there is a rounded cavity, 
the acetahidmn (fig. 58 A, a); next comes the*/?ead (h) 
limited above by a ring or collar (c), which may be smooth 
or crenulated and serves for the attachment of the muscles 
that move the spine. Beyond the collar and forming the 


greater part of the spine is the shaft or stem (5), which 
may be smooth, or ornamented with ridges or rows of 
spiny processes. The microscopic structure of the spines 
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(6g. 49 A) varies in different genera, and is of importance 
in classification. Pedicellariie (p. 117), which consist of a 
stalk with usually three blades, also occur, but are rarely 
found fossil. 

On the surface of some irregular sea-urchins belonging 
to the sub-order Spatangina (}). 189) there are bands 
which appear to be nearly smooth, but are covered with 
very minute tubercles; in the living state they bear slender 
modified spines. These bands are t(n*med fascioles, and 
their position vari es in d i fferen t a 

genera ; sometimes they form 
a ring lieiioath the ai)us (e.;/. 

Micraster, Hg. 59, c), when 
they are said to bo sub^anal: in 
other cases they encircle the 
rosette formed by the potaloid 
ambulacra (e,g. Hemiaster) 
and are said to be peripe- 

talons \ or they extend round ® 

the margin of the test (ejj, b 

Cardiaster). Fi^:. />‘J. Under Km fuec of Micra- 

....c V roi'-ant/nimmi from the 

On the lower surface uf upper Chalk, wliowing fasoiole. 

the test is the J^mstome (figs. p(3rist0Tne ; b, periproct; c, 

59, a, 60), in the centre of 

which is the mouth. The peristomal membrane, which 
extends from the mouth to the edge of the corona, is 
sometimTes (eg. Cidaris, fig. 60) completely covered wdth 
rows of plates, but more usually bears small isolated plates 
only, or is without plates; some of the plates may be 
perforated and have been derived from the ambulacral 
areas; others are not perforated. The plates on the peri- 
stomal membrane are usually lost in fossil specimens. The 
peristome varies in shape, size, and position in different 

9—2 




Fig. 59. Under Knrfuec of Micra- 
ster <‘or-(in<ju ilium from the 
Upper Chalk, whowiiig fasdole. 
<r, p(3ristome ; b, periproct ; c, 
fasciole. x 



182 


ECHINODERMA. ECHINOIDEA 


genera; it may be circular, oval, pentagonal, or decagonal; 
its margin is entire in Palaeozoic echinoids and in the 
Cidaridfe, but in other regular echinoids and in the 
Holectypina there are ten notches or incisions, by which 
the five pairs of gills or branchiae pass to the exterior. 
The peristotne is usually larger in the regular than in the 
irregular echinoids. In some irregular echinoids belonging 
to the sub-order Spatangina (p. 189) the parts of the 



Fig. 00. Cidaria hystrix, Rucent. PeriKtome and margin of corona. 

(After Loven.) 

ambulacra near the peristome are depressed and leaf-like, 
with the pores close together, whilst the intervening inter- 
ambulacra are convex; this part of the corona has conse- 
c|Uontly a petaloid appearance, and is known as the floscelle , 
A pyramidal or conical structure which functions in 
mastication, and is known as Aristotle’s lantern, is found 
in regular echinoids and in some irregular forms (Holecty- 
pina and Clypeastrina). The lantern consists usually of 
40 calcareous pieces including five teeth which project 
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through the mouth: numerous** muscles are attached to 
the calcareous parts, some of which serve to open or close 
the teeth and are attached to ridges at the margin of the 
peristome — these ridges constitute what is known as the 
perignathic girdle. This may consist of ridges arising from 
the interambulacral plates only, or there may be also pro- 
cesses from the sides of the arnbul acral plates, and these 
often unite, forming an arch or auricle over each ambulacral 
area at the margin of the peristome. The first part of the 
alimentary canal passes through the axis of the lantern. 
The circular vessel of the water-vascular system forms 
a ring round the (esophagus at the i>op of the lantern, 
and gives off five radial branches which pass through the 
aurichis and up the middle of the inside of each ambulacral 
area; lateral branches, which alternate on c*ither side, 
come off* from the radial vessels and open into the tube- 
feet. The stone canal (p. 117) passes from the circular 
water vessel to the rnadreporic plate. 

In the irregidar echinoids there is a well-marked 
bilateral symmetry; a plane which passes tljrough the 
anus (which is in the posterior interambulacral area), the 
apical disc, and the mouth, dividers the body into two 
similar parts. The ambulacra in these forms often differ 
(jonsiderably in size, and, to some extent in structure ; the 
anterior one may be smaller than the others and frecjuently 
has a different arrangement of pores and plates, while the 
four other ambulacra are paired. The interambulacra are 
also unlike — the posterior one often forming a large part 
of the base of the test. The bilateral character is inc(jn- 
spicuous in the regular sea-urchins, but the plane of 
symmetry may be found by means of the rnadreporic plate, 
which is always at the summit of the right anterior inter- 
ambulacral area. 
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The Echinoidea may be divided into two Orders, 
(1) Regularia, (2) Irregiilaria. 

ORDER I. REQULARIA 

The peristome is at the centre of the base, and the anus 
withiiithe apical disc. The ambulacraare simple. Lantern 
present in all. The test is circular in outline. 

Palaeechinus (fig. 56 D). Test spheroidal or elliptical, rigid. 
Apical disc with five large genital plates, each with two to five iHsr- 
forations; ocular plates five, small, sepjirating the genitals. Am- 
bulacra narrow, straight, with two columns of plates ; one vertical 
row of pairs of pfires on each side of the area. Interambulacra wide, 
with four to six columns of plates at the ambitus, fewer towards the 
poles ; plates hexagonal, excejjt those next the ambulacral area, which 
are i^ntfigonal; surface of plates covered with granules. Spines 
small. Carboniferous. Ex. P. ellipticus^ Carboniferous Limestone. 

Maccoya. Distinguished from Palwechiniis chiefly by the am- 
bulacra in the middle part of the test consisting of alternate primary 
and smaller plates — tlie latter are nearly or quite cut off from contact 
with the interambulacral margin ; the pore-pairs in this part of the 
test form two vertical rows. Carboniferous. Ex. M, intermedia. 

MelonechinUS {^Mdonites) (fig. 61). Test spheroidal, with 
melon-like ribs from ajmx to |>Gristomc. Apical disc with five genital 
plates, oAcli liaving from two to four pores ; oculars without pores, 
separating the genitals. Ambulacra broad, concave on oacli side of 
a median ridge, with six to twelve columns of plates, each plate with 
a pair of pores ; four plates at the peristomal edge of each area. 
Interambulacra consisting of three to eleven columns of small thick 
plates, which are pentagonal iK'.xt the ambulacra, hexagonal else- 
where; tubercles very small, .laws large. Carbonifemis. Bx. M. 
multiporns. 

Archaeocidaiis. "^"Test depu’essed spheroidal, plates over- 
lapping. Ambulacra naiTow, sinuous, formed of two rows of plates ; 
pores unigerainal. Interambulacra of four columns of large plates, 
the middle ones being hexagonal ; each polate has a large primary per- 
forated tubercle which bears a long spine, and small tubercles at the 
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margin. Peristomal membrane covered with plates. Carboniferous 
and Permian. Ex. A. terit, Carboniferous Limestone. . 

Otdalis (fig. 60). Test spheroidal, the summit and base 
equally flattened. Apical disc very large, rarely preserved fossil, 
ocular plates large. Ambulacra narrow, flexuous or nearly straight, 
plates simple, pores unigeminal ; between the rows of pores are 
vertical rows of small tubercles and granules. Interambulacra wide, 
plates large, each with a primary tubercle which is perforated, and 
may be crenulatcd or smooth ; areola large, surrounded by secondary 
tubercles, Vjeyond which may he granules. Peristome large, without 
incisions, its membrane covered with plates. Si)ines large, of vfirious . 
forms, generally ornamented with rows of griinules. The term 
Cidaris is here used in the extended sense, and includes several 
divisions usually regarded as genera. J urassi c t o present day ; allied 
forms occur in the Trias. Ex. C. Jiorigemma^ Corallian and Kirne-. 
ridgian. 



Fig. 61. Melonechinm vmltiporusy Carboniferous. Part of an ambulacral 
area (a) and an interambulacral area (/;) from tho (upiator of the test. 
Based on figures given by Jackson, x 2. 

PgileftftteB -A-)* Tost small, circular in oTitliiic, depressed. 

Apical disc very large, prominent, with a sur-anal plate in front of 
the periproct; the madroporic plate has an oblique tissiire. Am- 
bulacra narrow, straight or slightly fl^^xuous, with snmll tubercles ; 
pores unigeminal except near the peristome ; plates, primaries. Inter- 
ambulacra wide, with large primary tulKjrcles, which are imperforate, 
but may be cren^late. Peristome slightly notched. Upper Jurassic 
#0 Chalk. Ex. P. wnghti, Lower Cretaceous. 

' Similar to Peltastes, but the periproct is on the right 

of a median line drawn from the anterior to the posterior margin. 
Lower Cretaceous to present day. Ex. S, petali/era, U ppor Greensand. 
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Acrosalenia. Form similar to Peltmtes. Apical disc rather 
largo ; genital plates large, the j)ostorior smaller than tho others and 
differing in shape. A sur-anal, and sometimes other extra plates, in 
front of the pciriproct, which is in tho antero-pftsterior line and 
situated posteriorly. Amhulacral plates compound at and below tho 
ambitus; pores unigeininal except near the peristome. Inter- 
ambulacra with large perforate tubercles. Spines smooth or striated. 
Lias to Lower Cretacjeous. Ex. A, spivma^ Inferior and Great Oolites. 

Hemicidaris. Test ,si)heroidal, inferior surface flattened. 
Apical disc small. Ambulacra narrow on the upper surfxce, slightly 
flexuous, with two rows of tubercles which become smaller on the 
u])per surface ; plates nt and below the ambitus compound, each 
formed of two to four fused jilates; pores unigeininal, but bigeminal 
near tlie peristome. Interambulacra broad; ])latos large and few, 
c'.ach with a large })(irforate and crcnulate tulien^le, and also smaller 
tubercles and granules. Spines cylindric«al, long. Peristome large, 
with well-developed notches. Inferior Oolite to Cretaceous. Ex. 
IT. iniermedia^ Corallian. 

Pseudodiadema (fig. 57 A). Test circular or slightly poly- 
gonal, sub-hemispherical, <le])ressed. Apical disc and periproct large. 
Ambulacra straiglit, narrower than the interambula(;ra, with two 
rows of crenulate .‘ind perforate tubercles; plates compound, each 
consisting of three fused primaries, the middle being largest, usually 
with thrc(^ pairs of pores on each plate, unigeininal. Interambulacra 
with two or more rows of primary crenulate and perforate tubercles. 
Peristome large, decagonal. Lias to Cretaceous. Ex. l\ pAcifdo-- 
diadnna { — heniisphpricnm).^ ( Virallian. 

Hemipedina. Test circular or slightly polygonal, depressed. 
Apical disc rather largo. Amliulacra narrow, plates foi'ined of three 
fused primaries (but simple near the apical disc), pores iinigeminal ; 
two rows of tubercles, perforate, not crenulate. Interambulacra 
with two (sometimes more) vertical rows of primary, ])erforate, not 
crenulate tubercles. 8[)ines of mixicrate length, finely striated. 
Peristome with slight incisions. Lias to present day. Ex. H. ether 
ridgei^ Lias. 

Diplopodia. Form and tubercles similar to Pseudodiadema. 
Pores bigeminal near the ajxix and peristome, unigeininal at the 
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ambitus ; plates at the ambitus composed of four primaries or some- 
times the lowest plate is a demi-platc. Rhactic to Lower Olialk. 
Ex. D, v&rsipora^ Corallian. 

StomechinUS (fig. 57 C). Test hemispherical. Genital 
plates relatively large, projecting outwards; oculars small. Am- 
bulacra wide, plates formed of three primaries- the middle one 
largest ; pores trigeminal. On each ambulacral and interauibulacral 
area are two vertical rows of ]>riniary, imperforate, non-cremilate 
tubercles, of about the same size on each area ; also secondary tu- 
bercles and granules, usually numerous. l\^ristome lai*go, with ten 
dee[) incisions. Inferior Oolite to Low(;r (Vetaccous. E.v. >V. higranu- 
laris^ Inferior Oolite. 

Phymosoma { — Cyplmoma) (fig. 57 1>). Form similar to 
Pseud odiadania. Ambulacral plates higli, compound, eaidi may 
consist of four, five, or six fused plates (some l)cing demi-i>lates) with 
the same number of })airs of ])ores; two rows of primary imper- 
forate tubercles; pores unigeminal, Imt bigeminal near the apical 
disc. InterambulacTa with two or more rows of ])rimary imperforate 
tul:>ercles. Peristome with small notches. Oxfordian to Eocene; 
common in the Chalk. Ex. hmugi, Upper (.halk. 

EScllinuS- Test more or less hemispherictal. Apical disc as 
in 55 R Ambulacra rather narrow, trigeminal, plates compound 
consisting of a lower i)rimary, a middle demi-platc, and an upper 
primary or dcmi-plate. Two vertical rows of small, primary tu- 
bercles on each ar(',a, and often numerous secondary tubercles. 
I'eristome rather small, circular, with small incisions. (Cretaceous 
to present day. Ex. E. woodvmrdi\ Pliocene; K. eso.ulentu.% Pliocene 
and living. 


ORDER 11. IRREGULARIA 

The anus is placed outside the apical disc, in the 
posterior interarabulacral ania. The mouth is either 
central or in front of the centre. The test is bilaterally 
symmetrical. Ambulacra simple or petaloid. Lantern 
and perignathic girdle may be present or absent. 
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SUB ORDER 1. HOLECTYPINA 


Peristome central, with notches. Lantern and 
gnathic girdle present. Ambulacra not petaloid: 
compound or mainly simple. 



A Galerites { — Echinoconus^ Conulus) (fig. 56 K). Test conical, 
or almost hemi8i;)herical, inferior surface flat, outline pentagonal or 
oval. Apical disc small, with only four genital plates. Ambulacra 
narrow, straight, some of the plates compound ; pores unigeminal, 
but trigeminal near the mouth. Interambulacra with broad plates, 
tul)ercles very small, i>erforated and croimlated. Peristome small, 
central, decagonal. Periproct marginal or submarginal. Upper 
Greensand to Upper Chalk. EjC. alhoffalerns {conicus). Upper 
Chalk. 


HolectypUS. Test hemispherical, depressed, base excavated. 
ApicaTdisc smalT" Ambulacra narrow, straight, some of the plates 
compounii ; pores unigeminal, tubercles small. Interarnbulacra 
formed of rather large plates, with small tubercles. Peristome central, 
decagonal, with notches. Periproct large, placed between the peri- 
stome and the posterior margin of the test. Upper Lias to Corallian ; 
also foreign Cretaceous. Ex. H, hemisphericMs^ Inferior Oolite. 


^ Pl gnnidea- F orm similar to Holecti/pns. On the base of the 
interior are ten vertical plates extending from the margin of the test 
towards the mouth, and placed one on each side of the ainbulacral 
areas. Cretaceous. Ex. D. cylindrical Chalk. 


Pygftffter. Test large, depressed, outline pentagonal or 
circular, base concave. Apical disc small ; madreporic plate large, 
extending to the front of the ix^riproct. Ambulacra straight, simple ; 
pores unigeminal ; tubercles in vertical rows. Interarnbulacra wide, 
tubercles perforate. Peristome central, large, decagonal, ,iPwiproct 
very large, placed just behind the apical disc. Lias to Lower Cre- 
taceous. Pygaster in a more restricted sense is found in the Middle 
and Upper Oolites ; the Liassic and some Middle Jurassic species are 
separated under the name Plesiechinn » ; the OretaceCus and $ome; 
Jurassic species are referred to Macropy^^, Ex. jP. 

Corallian. 



EOHINODEBMA. BCaXSOIDlA 339 

SUB-OBDEB 2. CIiYPEASTBINA 
/ 

Peristome central, without notches. Lantern .and peri- 
gnathic girdle present. Ambulacra petaloid, plates simple. 
Ocular and genital plates fused together. 

Outline sub-pentagonal or ovoid, usually trun- 
catecf ^stleriorly ; base ot test flat, upper surface usually convex in 
the central part and sloping to the margin often forming a thin edge. 
Apical disc small. Petaloid parts of ambulacra broad, with the pores 
widely separated and conjugate. Tubercles small, sunk in de- 
pressions; spines very small. Periproct at or mar the margin. 
Peristome central, sunk in a deep depression. Interior with par- 
titions near the edge of the .test. Upper Eocene to present day. 
Ex. C, grandifolius, Miocene. 

Scutella. Test much flattened, circular or subcircular, 
broadesT^storiorly ; base flat, with branching ambulacral furrows 
i^adiating from the small central peristome. Apical disc smj|ll, central, 
pentagonal. Ambulacra petaloid, the petaloid parts unequal and 
nearly closed. Periproct small, infra-marginal. Tubercles very 
small. Interior of test with supports near the margin. Oligocene 
and Miocene. Ex., xS'. rotunda^ Miocene. 


SUB-OBDER 3. SPATANGINA 

Peristome excentric, without notches. Ijanteni and 
perignathic girdle absent. Ambulacra commonly petaloid, 
the plates simple; anterior ambulacrum often diflferent 
from the others. The bilateral symtnetiy of the test is 
particularly well-marked. 

HyllOClypeUS. Test oval, depressed, anterior part usually 
more elevated. Apical disc elongated — the two anterior genitals 
(Separated from the two posterior by two oculars. Ambulacra simple, 
pores nnigeminal. Interambulacra wide. Tubercles very small. 
Periproet next the apical disc, in a long groove on the dorsal surface. 
I^ristome a little in front of the centre. Inferior Oolite to Corallian 
E^e. /T. gthbendtts, Inferior Oolite. 
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Nucleolites ( — Echinohrmm), Test depressed; outline oval 
or quadrilateral, rounded anteriorly, truncated and broadest poste- 
riorly ; inferior surface concave. Apical disc compact, four perforate 
genital plates, and one imperforate. Ambulacra sut)-p3taloid, pores 
unigeminal, the outer pore elongated in the sub-petaloid part. 
Interanibulacral plates wide, tubercles small. Peristome oval or 
pentagonal, excentric, a little anterior. Periproct placed in a sulcus 
on the dorsal surhice. Inferior Oolite to i)re8ent day. Ex. N, scu- 
tatns, Oorallian. 

Clypeus. Test large, flattened, more or loss discoidal, with 
circular or pontagon.al outline, and flat or concave base. Apical disc 
small. Ambulacra large, petaloid, pores unigeminal (excej>t near the 
peristome), outer pore elongated and in a long groove. Peristome 
nearly central, with a flosccllc. Pori[)roct on the dorsal surface, 
often in a sulcus. Tuberckjs very small. Inferior Oolite to Oorallian. 
Ex. C. plotiy Inferior Oolite. 

C atop y gUS. Test small, oval, elevated, truncated behind, 
with flat base. Apical disc small. Ambulacra sub-petaloid, uni- 
geminal, outer pore elongated in the sub-]>ebiloid parts. Tubercles 
very small. Periproct high up on the posterior end. Peristome a 
little cxcentric, small, with a floscolle. (^Vctaceous to present day. 
Ex. C. columhariu.% Upper Greensand. 

* CoUyrites (fig. 50 C). Test ovoid, inflated. Apical disc 
greatly elongated ; at the anterior end are four perforated genital 
plates Separated by two oinilara, at the posterioi* end are two oculars; 
these two groiii)s of plates are connected by nuiiKjl'ous small plates. 
Ambulacra simple, pores unigeminal. The three anterior ambulacra 
meet at the anterior end of the apical disc, the other two meet at 
the posterior end. Interambulacra broad, tubercles small. Peri- 
stome excentric. Periproct above the posterior margin. Upper Lias 
bicordata, Oorallian. 

^ Bphinocorys ( ^ Ammcki/ tes) (fig. 56 B). Test very convex 
above, inferior siirhice flattened, outline oval. Apical disc elongated ; 
the four genital plates perforated, the two anterior separated from 
tlie two posterior by two large ocular plates. Ambulacra simple, 
pores unigeminal. InteramHalacral plates large, tubercles small. 
Peristome anterior. Periproct oval, infra-marginal. U pper Chalk, 
^x. E. vulgaris. 
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Holaste r (fig. 62). Test heart-shaped, inferior surfiice more 
or less flattened, superior surface with a broad shallow groove 
in front. Apical disc elongate, the‘ two pairs of genital plates 
separated by two oculars. Ambulacra large, simple ; pores uni- 



Fig. 62. Holaster siibf/lobosus. Chalk. Upper and lower surfaces, x 


gerainal, round or elongate ; the anterior ambulacrum in the groove. 
Interainbulacra with small tubercles .and granules. Peristoinc near 
the anterior margin, elliptical. I’criproct supra- marginal. Upper 
Greensand and (dialk ; also Tertiary in Australia. Ex. IL mb- 
glohosus^ Lower Clialk. 


03irdl8.8t^6X’a Form similar t(> JTohixtev^ but anterior groove 
usually with sharp bonhu-s. 'Apical disc similar to Holmter. Pores 
elongate, uiiigeminal. Small pm'forate 


and creiiulate tuben^les. Peristome 
near the anterior margin, with a pro- 
jecting lip. Pcriproct on the posterior 
truncated end. Fascicle passes Ihj- 
neath the periproct and round the 
margin of the test. Cretaceous. Ex. 
C, ananchytis^ Chalk. 

^ Micraster (figs. 59, 63). Test 
heart shaped or oval. Apical disc 
small, excentric. Ambulacra sub- 
petaloid, placed in sunken areas, the 



sub-petaloid parts of the two an-^Fig. 63. Micraster cor-bovis. 
terior lateral longer than those of the Upper Chalk, x L 


two posterior lateral; pores unigeminal. The anterior unpaired 
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ambulacrum in a deep groove, with its pores circular. Inter- 
ambulacra with large plates ; tubercles small, perforate and orenulate. 
Fasciole below the anus. Peristome near the anterior border, with 
a projecting lip. Periproct on the upper part of the posterior end. 
On the under surface the posterior interambulacrum bulges out 
forming a plastron. Middle and Upper Chalk ; also Tertiary in 
Australia. Ex. M. cor-anguinuni^ Upper Chalk. 

Hemlaster. Form similar to Micraster. A peripetalous 
fasciole only. CVctaceoiis to present day. Ex. H. hailyi^ Gault. 

SchlzaBter . Test heart-shaped, highest behind, with exceutric 
apex. Anterior arnbulacrum long, placed in a gi’oove ; other ambulacra 
petaloid and in deep gi^ooves — the posterior pair much shorter than 
the antero-latei’al pair. Peri.stome near the anterior margin, with 
projecting lip, Periproct on the posterior truncated end of the 
test. A i)eripetalous fasciole, and usually also a lateral fasciole 
diverging from the former and passing beneath the periproct. 
Eocene to present day. Ex. S, Bracklosham Beds. 


Distribution of the Echinoidea 

Some echiiioids live at great depths in the ocean, no 
less than a dozen species having been found below the 
2000 fethorn line, and one even at 2900 fathoms ; but by 
far the larger number occur near the coasts in shallow 
water; thus, of the 297 existing species recorded by 
Agassiz, 201 are found in water of less than 150 fathoms 
in depth. Echinoids are most abundant where the sea- 
bottom is rocky, sandy, or calcareous, and less common 
where it is muddy ; consequently fossil forms are rare in 
clayey strata. Those found in deep water have a much 
wider range in space than those found in shallow water. 
Many genera, especially those with a considerable range 
iii depth, have also a long range in time, some extending 
back to the Cretaceous or even to the Jurassic period, e,g, 
Hemipedina, Nucleolites, Gatopygus, Salenia, Hemiaster. 
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The Palaeozoic echinoids, with possibly two exceptions, 
are regular forms ; they are remarkable for possessing more 
than twenty columns of plates in the corona (except in 
Bothriocidaris), and frequently the plates overlap, rendering 
the test flexible. Echinoids are rare in Palaeozoic formations, 
especially in those of pre-Carboniferous age. The earliest 
form is BothriOcidaru', from the Ordovician of Russia, 
which possesses only one column of plates in each inter- 
ambulaCrum ; in the Silurian, genera with numerous columns 
of plates appear, viz. Echinocystdsy Palceodiscus and Kon- 
inckocidaris ; in the Devonian, Lepidocenirus occurs ; in the 
Carboniferous, genera with numerous columns of plates 
reach their maximum development, viz, PaUmchinus, Mac- 
coy Melonechinus (=Mel()nites)yPerischodomus, Lepidesthes 
and Archwocidaris, Miocidaris, the earliest representative 
of the Cidaridaa, appears in the Cai*boniferous and Permian 
.but is more abundant in the Trias and Lower Jurassic; it 
is the oldest echinoid known with two columns of plates 
in each interambulacral area. Cidaridje are common in the 
Trias of St Cassian and Bakony, where a few other reguhir 
echinoids also occur and show for the first time the presence 
of branchial incisions in the peristome. 

In the Jurassic rocks the echinoids are much more 
numerous, relatively to the; other groups of animals, than 
in the earlier formations ; they are comparatively rare in 
the Lias and the other clayey divisions, but very abundant 
in the calcareous beds, especially in the Inferior Oolite and 
the Corallian. In the Lias the chief forms are Gidaria^ 
Hemipedinaj Diadernopsis, Pseudodiadema, and Acrosa- 
lenia\ irregular echinoids (viz. Pygaster (Plesiechinus), 
Holectypus, Galeropygus and perhaps Golly rites) make their 
first appearance in the Upper Lias. The genera which are 
best represented in the Middle and Upper Jurassic are^ of 
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the regular group, Gidm^isy Hemicidarisy Acrosaleniay Pseu- 
dodiademciy Diplopodiay Hemipedinay and Stomechinus ; of 
the irregular group, Collyt'iteSy Gif/peus, PyguruSy Hyhody- 
peusy Nudeolites ( = EchinohriHsus)y HolectypiiSy and Py- 
gdster. 

In the (Cretaceous the echinoids are oven more abundant 
than in the J urassic, and attain their greatest development 
in the upper division of the system ; many of the genera 
found in the Lower Cretaceous occur also in the Upper 
Juntssic, but the irregular forms are more numerous than 
hitherto, and show a still greater development in the Upper 
(Cretaceous. The most important geiuTa are, (1) regular, 
Gidarisy Psetidodiadeinay Phymosovia ( = Gyphosoma)y Pel- 
tastes , Salen'Ui] (2) irregular, DiscoMea, Galevites { = Ecln- 
noconm), Ilendaster, Micraster, Cardiaster, HolasteVy 
Ednnocorys ( = Ananoh ytes), 

Betwecui the (Cretaceous and the Eoccuie there is, in 
Britain, a great break in the succession of the echinoids; not 
a single speci(‘s is common to the two systems, and most of 
the genei'a also ai’c difierent. This change is due in part 
to the great difference in the conditions under which the 
deposits were formed, the Chalk being a comparatively 
deep-water formation, and the Eocene beds, shallow water; 
but the Eocerui forms differ much more from those of the 
Upper Clialk than from those of the Chalk Marl, the latter 
deposit having been formed in water of less depth. Through- 
out the English Tertiaries the echinoids are much rarer 
than in the Cretaceous ; in the Eocene this can be accounted 
for largely by the fact that the sea-bottom was for the most 
part muddy ; in the Oligocene by the prevalence of fresh- 
water and estuarine conditions ; and in the Pliocene, by the 
lower temperature of the ocean. The London Clay echinoids 
belong to tropical or sub-tropical genera. The commonest 
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forms in the Eocene of . England are Hemiaater and Schiz- 
aster. In the Eocene of the South of Europe, India, etc., 
echinoids are^numerous ; the regular fonns are less import 
tant than in earlier formations, but the Clypeastrina and 
Spatangina, in this and subsequent deposits, become in- 
creasingly abundant. The Pliocene echinoids found in East 
Anglia include some forms similar to those found in the 
North Atlantic, and others which show considerable affinity 
to species now living in the West Indian seas ; the principal 
genera represented are Echinus^ Echinocijarmis, Spatangus, 
and Temnechinus, 


CLASS III. HOLOTHUROIDEA 

This Class includes the sea-cucumbers. They possess 

an elongated and usually cylindrical body with the mouth 

at one end and the anus at the other; around the mouth 

is a circle of tentacles, which are really modified tube- feet. 

From the water-vascular ring five radial vessels are given 

off and end near the anus ; branches also go to the tentacles. 

In Synapta and its allies tube-feet (with the exception of 

the tentacles), as well as radial vessels, are absent. The 

stone-canal in almost all cases 

opens into the body-cavity. T 

The integument is leathery, VJ J 

and t?he skeleton is very poorly j 

developed, consisting of rai- 

p . Fij<. 64. A, B, anchor and plate of 
nute isolated pieces of various Synupta tenera, Recent. C, wheel 

shapes, such as spicules, an- ot CMro^tn convexa Item the 
chors, and wheels (fig. u4). 

At the present day the Holothurians are widely distri- 
buted, but owing to the nature of their hard parts they, 
are rarely found fossil. Specimens found iii the Middle 
Cambrian of British Columbia are regarded by Walcott as 


w. p. 
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Holothiirians. The earliest known European forms, repre- 
sented only by skeletal structures, occur in the Carbonifer- 
ous rocks of Scotland, and in the Permian of Germany ; a 
few specimens have been recorded from Jurassic, Cretaceous 
and later formations. Synapta has been found in the Oli- 
gocene. 

II, PELMATOZOA 

The Pelmatozoa, unlike the Eleutherozoa, are generally 
sedentary, being attached to the sea-floor or some foreign 
object by the aboral surface, usually by means of a jointed 
stem ; in most cases the attachment is permanent, but it 
may be temporary only. The group is essentially distin- 
guished by the ciliated grooves which radiate from the 
mouth ; the cilia pi’oduce a current of water which carries 
small organisms to the upwardly directed mouth. The 
Glasses of the Pelmatozoa ai-e : (i) Crinoidea, (2) Cystidea, 
(3) Blastoidea, (4) Edrioasteroidea. 

CLASS I. CRINOIDEA 

The Crinoidea include the sea-lilies and featherstars. 
The skeleton consists of a stem, a. calyx, and movable arms 
given off from the margin of the calyx (fig. G5). 

The calyx is more or less ^lt^jiili\r, or cup- or basin- 
shaped, and contains the digestive and other important 
organs; the mouth is either at or near the centre of the 
ventral or oral surface, and the anus, which is excentric 
and intor-radial, is also on the oral surftice, and is usually 
situated at the end of a tubular process. There is a groove 
on the ventral surhicf^ of each arm, and these grooves — the 
food-grooves — are continued over the oral surface to the 
mouth ; they are lined with cilia, by the movements of 
which food is conveyed to tlie mouth. There are generally 
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five arms, but each may branch repeatedly. Immediately 
under the groove of each arm there is a radial nerve-CQfd; 
these cords igiite to form larger trunks and ultimately join 
as a ring round the mouth. Beneath the nerve of each arm 
is a rp.dial vessel of the water-vascular system, which is 
continued over, the oral surface and joins a ring round the 
mouth ; from this ring tubes hang down and open into the 
body-cavity, which communicates with the v/^ater of the 
exterior by means of pores. In connection with the radial 
vessels are tubular processes, the tentacles, which form a 
row on each side of th(.‘ food -grooves, and correspond with 
the tube-feet of the star-fish, but do not function in 
locomotion. In addition to the nervous system already 
mentioned, there is another supplying the aboral elements 
of the skeleton ; from a centre at the aboral pole of the 
calyx nerve cords are given off’ which pass through canals 
in the plates of the calyx to the arms and pinnules, and 
also into the stem when present. 

The stem (figs. 65, 67, a) in the crinoids is more or less 
fl^ible^and is sometimes several feet in length. It consis ts 
of a number of segm^n^ts, known ^ which may 

be disc-like or pentagonal (occasionally square or elliptical); 
or they may be higher than broad, forming cylinders ; these 
columnals articulate by their flat surfaces, which are often 
provided with radiating striso^ or with ridges in the form 
of a rosette. Each columnal is pierced at the centre by a 
canal which is circular or pentagonal and contains a pro- 
longation of the aboral nervous system and vascular organ. 
From the stem small branches known as cirri are sometimes 

Hr 

given off ; these have a structui*e similar to that of the stem, 
and are also pierced by a central canal. The columnals are 
generally of different heights — larger plates being separated 
by smaller ; the former are first developed, and the latter 

10-^2 
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are those which have subsequently developed between them. 
Cirri are borne on some of the larged columnals. The lower 
end of the stem may taper, but often expands ^nd branches, 
forming a root-like structure which serves to fix the anir^al. 
^ The part of the calyx below the origin of the free arms 
is called the dorsa l (fig. 65); the part above them is 
the tegmen. The dorsal cup consists at its base of a cycle 
of five plates, known as basals (figs. 66, b; 67, c); but, 
owing to fusion, the number of basals is sometimes reduced 
to four, three, or rfirely two. In some forms there is below 
the basals and alternating with them another row of plates 
(five or three), termed i nfra -basals (fig. 67, 6), and the base 
is then said to bo dicycHc ; when basals only are present; 
it is monocyclic. Above the basals, and alternating with 
them, is a cycle of fi ve radial plates (fig. 66, r; fig. 67, d), 
which usually form the sides of the dorsal cup; each radial 
is in a direct line with one of the arais. In some genera 
there are, between the two posterior radials, other plates, 
the aval inter-radials (fig. 66, a; fig. 67, e). Sometimes 
there are inter-radial plates between the other radials as 
well. 

The arms are characteristic of the Crinoidea; they come 
off directly from the radials, and are formed either of a 
single or of a double row of plates, the brachials ; when 
there is a single row the arm is termed uniserial ; when 
there are two rows it is biserial. In biserial arms the plates 
alternate with one another. The brachial plates are con- 
nected by muscles by means of which the movements of 
the arms are effected. The dorsal or outer surface of the 
brachial plates is rounded ; on the ventral or inner surface 
there is a groove in w^hich the soft parts, above described, 
are placed ; and there is usually also a perforation below 
the groove, in which the dorsal nerve-^ord is situated. 




Fig. 66. Botryoerinm 'decadacUjlw, from the Wenlook Limestone — a 
simple form of Orinoid, seen from the posterior inter-radius. (From 
the Guide to the GeoU VepL, Bnt, Mm.) Natural size. 
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The groove in the arms is covered , over by a series of 
plates — the covering plates^ which can be opened and closed, 
and serve for the protection of the soft parts. Where an 
arm branches, the brachiab which supports two branches 
(figs. 65, 07, 68 a) has sloping sides, and is known as an 
axillare. Small unbranched appendages called pinnules 
occur on the arms of many crinoids (fig. 65) ; they are 
similar in structure to the arms, and are given off alternately 
on opposite sides. In living crinoids the genital products 
mature in the pinnules. In some forms, the earlier rows 
of brachial plates become firmly united to one another and 
to the radials (figs. 66, 70, 2, 3, hr)\ these fixed hrachials 
have often been regarded as radials, but morphologically 
they are only brachials which have become incorporated 
into the calyx. The fixed brachials may be in contact at 
the sides, or, as in most Paheozoic crinoids, they may be 
separated by other plates which are termed inter-hrachials 
(fig. 66, ir). In the posterior inter-radial area (that which 
leads up to the anus) the inter-brachial plates are often more 
numerous than in the other areas. When a stem is absent 
there may be a single plate (the centra le) below the infra- 
basals {e,g. Marsiipites fig. 69, or the infra-basals may fuse 
with a few of the adjacent columnals to form the centre- 
dorsal plate characteristic of the feather-stars {e,g. An- 
tedOn), 

The tegmen or oral surface of the calyx is usually more 
or less completely covered by calcareous plates. Sometimes 
five large triangular plates (orals) only occur, between 
which are the food-grooves leading to the mouth; but 
usually other smaller plates are also present — the food- 
grooves being usually covered by plates, sometimes called 
‘‘ ambulacrals,” and between them occur numerous “inter- 
ambulacrar’ plates. In many Palaeozoic crinoids (e.^. Ac- 
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tinocrinus) t\vQ tegmen consists of a complete vault or 
dome of stout plates concealing the mouth as well as the 
food-grooves find their covering plates ; commonly this 
plated tegmen extends upwards around the anal process 
forming a tube-like covering. 

The various plates of the crinoid skt'leton are joined 
together by fibres of connective tissue continuous with 
those which form the organic basis of the plates. In some 
cases adjacent plates become fused owing to the deposition 
of calcareous material between them. 

Ill the genera described below, the basals, radials, and arms are 
five in number unless otherwise stated. 

A. Monocyclic Crinoids 

PlatycrinUS. Basals three, unequal. Radials large. Some 
fixed brachials. One inter- brachial in each area --more in the 
posterior (anal) ar(ia. ' No inter-radial. Arms bifurcating once to 
thrice, uniserial at the lower end, biserial above; jiinnules long. 
Tegmen with small plates; anus sub-central, sometimes at the end 
of a long process. Stem long, section often elli[)tical. Devonian, 
but mainly Carboniferous. K.x. P, Carlioniferoiis Tiiinostono. 

EucalyptocrinUS ( — Ift/panthtH'rlnm). Calyx dco[>ly con- 
cave at the base ; at the bottom of the cavity four basals, at the 
sides five radials ; several cycles of fixed brachials, and some inter- 
brachials. Tegmen elevated, and forming a central anal tube com- 
posed of five rows of large plates. Ten vertical partitions spring 
from the outside of the tegmen, forming compartments in wliich the 
tenf'-arms rest. Arms biserial except ’at the base. Mainly Silurian ; 
one Devonian species. Ex. E, decorm^ Wenlock Limestone. 

Actinocrinus (fig. 6(5). Calyx pear-shaped, ovoid, or more or 
less spherical. Basals tiiree, equal, forming a hexagom Radials 
generally higher than wide. The first two rows of brachials firmly 
united. Inter-brachials numerous; and also one (posterior) inter- 
radial, above which the intei’-braehials are more numerous than in 
the other areas. Tegmen formed of thick, tubercled, hexagonal 
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plates, produced into a tube with the anus at the end. Arm- 
branches ten to thirty, biserial. Stem circular, canal pentagohal. 
Carboniferous. Ex. A. tfiacontodactylm^ Carboniferous Limestoneu 

AmphoracrinUS. In essential structure agrees with Actino- 
criniis, but the dorsal cup is low with few inter-brachiala. Anal 
tube short, exceiitric. Carboniferous. Ex. A. amphora. 


B. Dicyclic Grin aids 

^ Oyftthocri nUS (fig. 67). (^alyx cup. like. Infra^basals small, 
equal, pentagonal . Basals large, hexagonal (except the posterior, which 
is hoptagoiial and sn[q>orts the square inter-radial plate). Badials 
shield-shaped. Arms uniserial, very long, bifurcating from five to 
seven times, without pi nnules. Togrnen produced into a long or Short 
anal tube. Stem round, without cirri. Silurian to Carboniferous. 
Ex. €. longimanu8y 0. acinotuhus^ Silurian. 

Crotalocrinus. Dorsal cup similar to that of Cyathocrinus. 
Some fixed brachials present. Arms uniserial, dichotomous, the 
branches uniting so as to form lamellar expansions or networks; 
pinnules absent. Tcgmen nearly flat, formed of small plates with 
five large plates at the centre. Anus near the posterior margin. 
Stem thick, circular ; canal pentagonal ; root thick, branching. 
Wenlock Limestone, Ex. €. rugosas, 

Botryocrinus (fig. 65). Calyx small, cup-shaped. Infra- 
l»asal8 pentagonal ; basals hexagonal (except the two posterior, which 
are ].x5utagonal) ; radials with the articular surface occupying J to | 
of the width ; two anal inter-radials, one as in Cyathovrinusy aimtber 
below it on the right. Arms divide, giving ten main branches which 
often bear smaller branches or })innules. Anal tube large, sometimes 
coiled, anus near its base. Stem formed of low plates, often in five 
pieces. Silurian and Devonian. Ex. B. decadactyluBy Wenlock 
Limestone. 

Poteriocrinus. Calyx with thin plates. Infra-basals equal. 
Basals high. Three anal inter-radials present. Badials with well- 
marked concave articular surfaces which do not occupy the entire 
width of the plates. Anal tube long. Arms long, branching, w5th 
pinnules. (Devonian ?)y Carboniferous. Ex. A Carboniferous, 
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Fig. 66. Diagram of the plates of Acti nocrinus triacontadactyluh^ Carboni- 
ferous Limestone, b, basal plates; r, radials; 2, 3, fixed brachials; 
6r, braohial plates; ir, inU*i -brachials; a, anal inter-radial. 



Fig. 67. Fig. 68. 


Fig. 67. Cyafhocriiiua lonqimamia^ from the Silurian, e, portion pf 
Stem; b, infra-basal plates; r, basals; d, radials; e, anal inter- 
i;adial; /* first braohial. Beduoed. 

Fig. 68. Pentacrinm fossil is, Lias. Calyx and part of stem and arm. 
(After Bather, 1898.) s, stem; b, basal plate; r, radials; a, azillare; 
i, pinnules, 
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W oodocrinus. Like Poteriocrinus but calyx and arras usually 
shorter ; anal tube inconspicuous. The arm-facet occupies the full 
width of the radial. Carboniferous. Ex. W. macr^dactylua, 

JEncrinus . C alyx sa ii cer-shai^e d. Infra-basals very small, 
generally concealed by the stem. Basals rather large, hexagonal. 
Kadials large, pentagorail. Two fixed brachials in each ray, the upper 
being axillary. No inter-brachials, no anal intor-radials. Arras 
bifurcating, the branches uniserial at first, then alternating, finally 
biserial ; with pinnules. Tcginen covered with plates. Stem long, 
with small canal. Trias. Ex. E. liUiformis^ Musclielkalk. 

Pentg Lcrinus (fig. 6B). Calyx small, bowl-sha[)ed, consisting 
of small iiifra-basals, basals, and radials which project like spines 
over the stem. Arms very long, much branched, uniserial ; the small 
branches all come ofi’ on the same side of each main branch. The 
arms bear pinnules. Stem long, pentagonal, with cirri coming off iu 
whorls ; the articular surfixces of the columnals with five raised, 
crenulate, petaloid parts which are narrow and quite distinct from 
one aiK)ther. Jurassic. Ex. P. fossiluy Lias. 

^ Marsu^iteg (fig. 09). Calyx large, globular ; plates large and 
thin. Stem absent. Base formed of a large central pentagonal 



1 . 2 . 

Fig. 69. Marsiipites testudinarUis, Vpyev Chalk. (From Bather.) 1. Calyx 
from the side. 2. lladials and arms, c, central plate ; IB, infra- 
basals; basals; B, radials; Wr, inter-brachial ; /, fulcral ridge of 
radial facet ; p, pinnules ; u, junction of brachial plates. 

plate (c). Infra-bavsals pentagonal. Basals hexagonal. Radials 
pentagonal, with crescentic depressions for the articulation of the 
arms. Arms relatively short, bifurcating, uniserial; first brachial 
: much nan’ower than the radial. Upi)or Chalk. Ex. M. tesitbdtnarim* 
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Ichthyociinus. Three very small infra-basals ; five small 
basals; five radials; two or three cycles of fixed brachials. Anal 
inter-radial small^ below the right posterior radial. Arms in con- 
tact all round, interlocking, uniserial ; no pinnules. Silurian. Ex. 
/. piriformis, 

SagenocrinUB. Infra-basals small. Anal inter-radial sunk 
l)etween basals; radials large. Numerous cycles of fixed brac^hials, 
separated by very numerous inter-brachials. Arms dividing, uni- 
sorial ; no pinnules. Silurian. Ex. S. e:vp tnms. 


# Aj^crinus (fig. 70). Oalyx large, 
and often fused with, the thick 
basals. Rfidials low, excavated on 
their upper surfaces, l^^our cycles 
of fixed brachials. Anns ten, bi- 
furcating once or twice, uniserial. 

Stem long, cylindrical, base ex- 
panded ; the articular surfaces of 
the columnals radiately striated. 

The upper columnals are in con- 
tact at the periphery only. The 
upper part of the stem expands and 
passes gradually into the calyx ; 
the upper surface of the last coliim- 
nal is provided with five radiating 
ridges between which the basals 
lie. J urassic, ( Li )wer Cretaceui is ’1), 

Ex. A. parkinsoni^ Bradford C^lay. 


Infra-basals enclosed by. 



Fig. 70. Apioerimtii parkinttoni, 
from the Bradford Clay. top 
rolumnnl of the stem ; basal 
plates; r, radial plates ; 2, 8, and 
hVt fixed brachial plates, x 


Millericrinus. Allied to Apiocrlnus. Usually the top 
columnal only is widened. Articular facets of radials and brachials 
well developed. Lias (1 also Trias) to. Lower Cretaceous. Ex. 
M, pratti, Inferior and Creat Oolite. 

Bourgueticrinus. Calyx small, with vertical or inwardly- 
sloping sides ; basals about half the height of radials ; two rows of 
fixed brachials ; no inter-brachials. Free arms unknown. Stem long, 
the top columnal very large, as wide as the calyx ; upper columnals 
with circular, others with elliptical articular faces^ and a transverse 
ridge across the longer diameter. Cretaceous. Ex. B, ellipticicsy 
Chalk. 


166 ECHINODEIRAA. CRINOiDEA 

Distribution of the Grinoidea 

Although not so numerous «Knd varied m in the Pal^- 
zoic period, the Grinoidea are represented at the present 
day by a large number of species belonging to about 100 
genera. The unstalked forms are the most important (the 
Antedonid^e, Actinometridae etc.); these are widely dis- 
tributed, and occur chiefly in shallow water, but some are 
found at considerable depths — Antedon extending from the 
shore-line down to 2900 fathoms, and Actinometra down 
to 800 fathoms. The stalked crinoids {e.g, Tsocrinus, Bhizo- 
crinus) are mtich less abundant than the unstalked forms, 
and are found mainly at great depths. In most cases the 
species of crinoids have only a limited distribution in space. 

In the Palaeozoic formations the crinoids are much more 
numerous than the other Echinoderms, their remains' 
(chiefly stems) forming the main part of sotne limestone 
beds (crinoidal limestone or marble), as for instance in the 
Carboniferous. The other Echinoderms are seldom suffi- 
ciently numerous to be of importance as rock-builders. The 
majority of fossil crinoids are stalked forms, and apj)ear to 
have lived in fairly shallow water, since they are found in 
association with reef-building corals and other shallow- 
water organisms. 

Crinoids occur first in the Tremadoc Beds. In the Ordo- 
vician, Olyptocydnus, Pendrocrimis, and a few others have 
been found. In the Silurian, crinoids become very much 
more abundant, and attain their maximum development; 
the most important genera Sive Botryocrinus, CalceociinuSy 
Crotalocrinus, Eucahj'ptocrinus, Oissocrinus, Ichthyocrinm, 
Marsipocrinus, Periechocrinm, Pisocrinus, Sagenocrin'm, 
Taococrinus. In the Devonian, Gyathocrinve, Gupressocrintis, 
Jfaplocrinusj and others are common; in the 
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Carboniferous,.ilc^inocnwM«, Amphor'acrimSf PoteriocrinuSy 
PlatycrinuSy RhodocrinuSy and Woodocrinus, Crinoids are 
rare in the Perjnian, Throughout the Mesozoic formations 
they are much less abundant than in the Palaeozoic ; in the 
Trias the characteristic form is Encrinus. In the Jurassic, 
AntedoUy IsoorinuSy PentacrinuSy Saccocomay AjnocrinnSy 
and Millericrinus are found, the first two living on to the 
present day. The Cretaceous is characterised by Bour- 
gueticrinus and the free-swimming Marsiipites and Uinta- 
crinus — the last two being confined to the Upper Chalk. 
In the Cainozoic, crinoids are very rare. 


CLASS TI. CYSTIDEA 

The stem in the Cystideans is short, and in some cases 
absent. The calyx is usually more or less spherical or ovoid, 
and varies considerably in structure in different types; 
frequently the plates are very numerous, without radial 
symmetry, and perforated by numerous canals; food- 
grooves usually extend from the. mouth over the surface of 
the calyx, and bear simple arm-like structures,- called 
brachioles (fig. 72). 

, In Glyptosphwra (fig. 71 A), from the Ordovician, the 
calyx is spherical, and composed of a very large number of 
polygonal plates, which are without any radial arrangement 
such as occurs in the Crinoids and Blastoids. The mouth 
is at the summit of the calyx, and* is covered by five oral 
plates (a), between which the five food-grooves start and 
extend in a radial manner over the upper part of the calyx, 
sometimes giving off branches (6); at the ends of these 
grooves are facets (c) to which the brachioles were articu- 
lated. The grooves were protected by small covering-plates. 
Oil one side of the calyx is the anus (d), which in perfect 



158 


ECHINODERMA. CYSTIDEA 


specimens is covered by a pyramid of small triangular 
plates. Between the mouth and the anus is the madre- 
porite (e), which is the external opening^ of the water- 
vascular system ; just below it is the small, circular genital 
aperture. All the plates of the calyx are pierced by canals 
running perpendicularly to the surface ; the canals are in 
pairs, and the external openings of each pair are enclosed 
in a raised or depressed area of oval shape (fig. 71 B). 



Fig. 71. A. OlyjHosphceva leuchtenherif it from the Ordovician of Russia, 
a, mouth covered by oral plates; h, food -grooves ; c, facet for the 
brachiole; d, anus; e, just above this is the triangular madreporite, 
just below is the circular genital aperture (after Volborth). B. A few 
plates of the same enlarged, showing the pairs of pores. C. Plates of 
Echinospharay with pore-rhombs, enlarged. 

Some Cystideans are more primitive in character than 
the form just described. For example, Aristocystis from 
the Ordovician of Bohemia, has an ovoid or pear-shaped 
body formed of numerous plates, but possesses no food- 
grooves, brachioles, or sten), and the pores traversing the 
plates are single. 

In another group of the Cj^stidea the plates of the calyx 
are traversed by canals which are arranged in groups having 
a rhombic form ; one half of each rhomb is on one plate, 
the other on an adjoining plate (fig. 71 C). The canals are 
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parallel to the surface of the plates, and perpendicular to 
the sutures between the plates. These groups of canals 
are known as pore-rhomhs, Echdnosphmra, from the Ordo- 
vician, is a form which possesses many pore-rhombs ; it has 
a spherical calyx, consisting of , 

numerous plates, some of which 
project at the b<ase and prob- 
ably served to fix th(‘ calyx, 
there being no stem ; around 
the mouth are from three to l pj| 

five small arms. In most ge- 
nera belonging to this grouj) 
the plates of the calyx are o 

much fewer in number than y 

in Echinosplmra, and have a 1 

distinctly radial symmetry — a 

being arranged in cycles, the Jf 

plates of each cycle alterna- ^ N 

ting with those immediately 
below ; for example, the calyx 
.)f Lepadocrinns, from the Si- 

lurian (fig. 72), is formed of 72. Lepadocrinns qua dr i- 

„ , £. 1 . . .1 jascmtus, Irom the Wenlock 

nve cj^cles of J)lates; at the Limestone. Restored figure. 

base is a cycle of four plates, of®th"‘nnddle 

followed by four cycles of five row depressed. Near the top of 

plates each ; from the summit anusl^newtho t^rome'riKh ® 

of the ovoid calyx four food- quarter is a pectini- 

^ , 1 ^ , ,1 rhomb. {From the Guide to the 

grooves stretch toward the Geoi. Dept., mt. Mus.) liatur&l 

base; they do not rest directly 

on the calyx, as is the case in Glyptosphwra, but on 


specially-developed plates. Numerous brachioles come off 


from each side of the food-grooves. In this genus there 
are only three rhombs, and they are of the more highly- 
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developed type called pectini-rhombs, which differ from 
pore-rhombs in being surrounded by a raised rim and in 
having the folds of the plate more pronounced. In some 
other Cystideans of this group the brachioles are found 
near the mouth only. 


Distribution of the Cystidea 

l^he Cystideans are comparatively rare fossils. They* 
range from the Middle Cambrian to the Devonian, and 
attain their maximum development in the Upper Ordo- 
vician. In the Mcrievian, Protocysiis is found; this also 
occurs in th(‘ Tixunadoc Beds, and with it Macrocy Stella. 
In the Ordovician, Aristocystis, Eckinosphcera, Pleiirocystis, 
Olyptospluera and others are present; in the Silurian, 
LepadocrivuSj Pseudi^criniiSy and Placocy sits. In the Devon- 
ian there are fewer forms (Pseadocrinus, Jackelocystis). 

CLASS III. BLASTOJDEA 

In the Blastoids (lig. 73) the body consists of a calyx, 
usually with a stem ; but the latter is rarely found attached 
to the calyx. The calyx may be spherical, oval, pear-shaped, 
or bud-like ; in most cases it is formed almost entirely of 
thirteen plates, arranged in a regular manner. True arms 
are not present. 

Pentreniites is the commonest Blastoidrand may there- 
fore conv-enieiitly be taken as an example of the group. 
Its calyx (fig. 74) has the followings structure, I'he aboral 
part is formed of a cycle of three plates — the basais (6), 
two of which are alike, and the third smaller. Above the 
basais is a cycle of five radial plates (r) ; these are larg^ 
than the basais, and form the main part of the Ciilyx. At 
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Deltoids 
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Fig. 73. Orophocrinus fusiformis^ from the Carboniferous of 

Restored figure. (From the Guide to the Geol. Dejd., Brit. Mn».) 
Natural size. 


W. P. 


11 
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the upper end of each there is a deep incision, which 
serves for the reception of the food-carrying area (r/); this 
is usually spoken of as an “ anibulacniin,” hut there is no 
evidence of the existence of a radial water vessel, and it is 
doubt-ful whether this area is really homologous with the 
ambulacrum of an Echinoid. Above the radials and alter- 
nating with them occur five smaller ]>lates — the deltoids {d) 
or int(ir-radials. The month is placed at the summit of the 
calyx, in th(‘ centre, and around it are five other openings 
termed spiracles (,s), one of which is larger than the others 


A B C 



74. reiitunniti'n (joihnii. Carboniferous. A, side; B, upper surface; 
C, under surface, n, anibtTIK^St^rfTTTiasal plates ; r, radials; d, del- 
toids; «, spiracles around thenioutb; ua, anus. x2 

and includes the anus {an). From the mouth the five 
ainbulacra {a) radiate towards the aboral surface, and are 
bordered partly by the; dedtoids but mainly by the radials. 
Each ambulacrum (fig. 75) consists of the following plates: 
in the middle is a long pointed plate; (7), the lancet-plate, 
which is traversenl by a longitudinal canal, in which a nerve 
may have been present. On each side of the lancet-plate 
is a row of small plates, the side-plates (s). Extending down 
the middle of each ambulacrum is the food-groove (a), 
which, in perfect specimens, is covered over by small 
plates. At right angles to this groove, on each side of 
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it, are numerous transverse grooves. Along the outer 
margin of the side-plates there is a row of pores, the 


marginal por&s (p), formed 
by spaces between adjoining 
plates. Beneath each ambu- 
lacrum are two hydrospires 
(fig. 76, //), one on each side. 
The hydrospire (fig. 77) is a 
flattened and folded organ, 
communicating with th(^ ex- 
terior by means of the mar- 
ginal pores, and also l)y the 
spiracles on the oral surface 
of the calyx. A current of 
water probably passed in 
through th(^ foruKir ojainiiigs 
and out by tlui latter. In 
well-preserved spcHUinens the 


1 



Fig. 75. Ambulacrum of Pen- 
trcwiies (todoni, Carbouifcrous. 
f, lancct-platc* ; Hide-plate ; 
pore; (ly food-groove; np, 
racle. x B, 

mouth, as in many crinoids. 






I p r 

Fig. 76. Fig. 77. 

Fig. 76. Pentremites mlcatus^ Carboniferous. Horizontal section of tbe 
caiyx. /, lancet-plate ; p, side-plates ; r, radial plates ; /*, hydrospires 
(not quite correctly drawn, see fig. 77). (After Zittel.) Enlarged. 


Fig. 77. PentremiteSy Carboniferous. Section across ambulacrum, hr, 
brachiole; cp, covering-plates; L, lancet-plate; o«p, outer side-plate; 
R, radial; si, sub-lancet-plate; sp, side-plate. (After Bather.) x 6. 


11—2 
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is not visible externally, but is covered over by a roof of 
small plates. From the margins of the ambulacra pinnule- 
like appendages known as hrachioles (fig. ‘-73) are given 
off; these are seldom preserved, but juts or facets to which 
they w(;re attached are setui on the side-plates. 

The hydrospires are really foldexl parts of the radial 
and deltoid plates — the folds being paralltil to the margin 
of the ambulacra. This is seen clearly in Codastcr, which 
is a more primitive form than Pentremites ; in that genus 
(fig. 78) the folds open directly to the exterior by slits, 
owing to the fact that they are not covered by the lancet- 
plate and side-plates; and on account of this circumstance 



Fig. 78. Cadaster trilobatm, Carboniferous. Section across ambulacrum. 
(After Bather.) x 5. 

Fig. 79. Phtenoschuma verneniliy Carboniferous. Section across ambu- 
lucruin. (After Bather.) Enlarged. 

f/r, l>rachiole; cp, covcring-idate; L, lancet-plate; osp, outer side- 
plate; liy radial; Pjn\ part of radial; .vp, side-plate. 

spiracles are not developed. In some genera, in which the 
folds are concealed (fig. 79), tluj space below the lancet- 
plate and side-plates, into which the folds open, communi- 
cates with the exterior at the oral end by slits or incipient 
spiracles. A further modification is seen in Petitremites 
(fig. 77) in which, owing to the hydrospire being pushed 
further into the cavity of the calyx, the folds open into*a 
common canal instead of into the space between the sum- 
mits of the folds and the overlying lancet-plate and side- 
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plates; this canal opens orally by true spiracles (fig. 74 
B, s). The number of folds in each hydrospire varies from 
one to nine. *In a few primitive types hydrospires are 
absent. In many Blastoids there are five pairs of spiracles 
and an independent anus, but in some genera (e.g. Pentre- 
mites) the pairs are confluent so that only five spiracles are 
present, of which the posterior encloses the anus. 

The ambulacra vary in width and length ; they may 
be broad and petaloid or narrow and linear. In some 
genera the alternate side-plakis become squeezed towards 
the outside of the ambulacrum ; here they form an outer 
row, known as the outer side-plates, and are smaller than 
the plates of the inner row. The side-plates may be 
entirely at the sides of the lancet-plate (fig. 79), or they 
may rest on it and partly, or even completely, conceal it 
(fig. 78), The basals, radiaJs, and deltoids vary considerably 
in relative size — thus the deltoids may bo very small (as 
in Troostocrinus), or they may form a considerable part of 
the calyx (as in Orhitremites), 

The most important characters of the Blastoidea as 
a Class are found in the ambulacra and hydrospires, the 
absence of true arms, the monocyclic base consisting of 
three basals only, and the five incised radials. In a few 
rare cases, hydrospires have been found to be present in 
the Crinoidea (Carahocrlmts, Hyhoertnus). 

Codaster. Calyx in the form of an inverted cone or })yramid. 
Basals forming a conical and usually deep cup ; radials large, with 
the forked parts shar|)ly bent, forming part of th(i flattened upper 
surface of the calyx; deltoids anti ambulacra confined to upper 
surface. A long lancet-plate, with side-plates, occui’s between the 
deltoids and nidials. Hydrospires consist of shar}) folds of the 
calyx where the radials and deltoids meet, and open at the surface 
by slits. Mouth pentagons!, originally plated over; no spiracles; 
anus Ixitween the posterior deltoid and radials. Silurian to Carboni- 
ferous. Ex. C, trilohatm. Carboniferous. 
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Orbitremites {==G7\matocrinm). (.^alyx elliptical, ovate, or 
more or less spherical, in section pentagonal or round; with concave 
base. Basals small, not seen in a side view. Ka, dials of variable size 
and forming part of the base. Deltoids generally rhombic, large in 
some species, small in (Others. Ambulacra narrow, straight, with 
nearly ])arallel sides. Lancet-plate narrow. Hydrospires simple, 
usually with two or three folds only, dilated at the free ends ; the 
inner fold forms a jdate next to the lancet-plate. Spiracles five, 
round or oval, pienting the apices of the deltoids, the posterior one 
iintluding the anus. ( Carboniferous Limestone. Ex. 0. derhicnsis. 

.Dtstrt1ndi(>n of the- Blastoidea 

In England tliu Blastoids range from the Devonian to 
the Carlmrn'ferous, being most abundant in tlie latter. A 
few primitive types (Astej'ohlafitn.s, JUaMoidocrmus) occur 
in the (Ordovician of llussia and Canada ; and vsome others 
(Troostocriinis, Godaster) \xvo found in the Silurian of North 
America. The English Devonian forms are rare and hut 
little known. In the Carboniferous Limestone the blastoids 
attain their maximum diwelopment ; ten genera are repre- 
sented, the most important being (Jodaster, Oroplioci'inufi, 
Schizohlastu.s, Orhltremites and MesohUifitua. Pentremites 
is common in the (Jarbonih rous of America, but is not 
found in Britain. A number of genera have been found in 
the Permian of Timo]*. 


CLA8S IV. KDRIOAB'rKKOIDEA 

The calyx in the Edrioastennds (fig. 80 A) is usually 
composed of a large number of irregular plates, and in 
most cases is flattened and more or less circular in outline ; 
it is attached to some foreign body by the under part — a 
stem being rarely if ever present. The mouth is at the 
centre of the upper surface (^w), and is covered by plates ; 
from it five ambulacra extend outwards over the upper 
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surface of the calyx, and sometimes over ])art of the lower 
surface also. The ambulacra do not branch as a rule, but 
are frequently curved. The ambulacral grooves are covered 
by two rows of alternating plates (dtub), similar to the 
covering* plates of crinoids. In Edrioaster' and its near 
allies the floor of each grooves is foi-med of special }>lates 
{ad), between oi* at tlie outer mai-gins of which an^ poT-es 
(/>) which may indicate th(‘ (‘xisUmce of tulx^-feet. Neither 
brachiolos nor arms ai‘<‘ dev(‘Ioj)(Ml in e.onn(‘xi()n with the 


A 



Fig. 80. KdrioaHler higsbyi, Ordovician of (vaiiada. (From Bather.) 

A. Oral surface, avib, covoring-i)latcH over the anterior and left- 
anterior ainhnlacral grooves, but removed from the other grooves; 
ad, door-plates of ambulacral grooves ; pores betweeii door-plates ; 
pa, pc'ristome, the greater part of which is roofed by enlarged cover- 
ing-plates; va, interambulacrum ; il/, madreporite ; d,v,aiiuB. Natural 
size. 

B. Section acr<)ss the same 8p(!cin]en through the right anterior ambu- 
lacrum and the left posterior interainbulacrum. Lettering as in A. 
/, frame of stouter plates ; m, membrane witii overlapping plates 
thrown into dve lobes {1). Natural size. 

C. Section across an ambulacrum with covering-plates (amh) over the 
groove (vg). Enlarged. 

ambulacra. The anus, which is covered by a pyramid of 
plates, is on the upper surface — in the area between the 
two posterior ambubacra calyx was more or less 

flexible in some cases ; and frequently around its border 
on the upper surface (but sometimes on the lower, flg. 80 
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B,/) there is a series of larger marginal plates, forming a 
framework, which, in combination with the five conspicnoiis 
ambulacra, gives the upper surface something of the ap- 
pearance of a star-fish in which the rnys are not prolonged. 

The Edrioasteroids include only a few genera, and have 
usually been regarded as Cystidca, but dilfer in the absence 
of brachioles, and in the occurrence of pores between the 
flooring-plates, suggestive of the presence of a radial water 
vessel with tube-feet. 


Distribution of the Edrioasteroidea 

The Class ranges from th(3 Cambrian to the Carboni- 
ferous, and is best repnssented in th(‘ Ordovician. The 
principal genera are: — StrotnotocystiH in the Cambrian; 
Cyathocystisy Edrioaster nx\A Steganoblnstm (?) in the Ordo- 
vician ; Pyrgocystism the Silurian; and Agelacrinm nm\ 
Lepidodiscus, ranging from the Ordovician to the Carboni- 
ferous. 



PHYLUM ANNELIDA 

CLASS CHJETOPODA 

The Chrt‘l>oporla include various forms of worms. The body 
is segmented and generally the segments are numerous 
and similar. There is a ventral nerve-cord with ganglia, 
and a nerve-ring round the (esophagus connected with a 
pair of ganglia above it. A vascular system and a body- 
cavity (coolom) are pnisent. The cuticle is thin and flex- 
ible. The majority of tlie (yluetopoda possess bristle-like 
processes termed setm or cheta*- which assist in locomotion. 
There are four orders, (1) the Archianmdida, e.g. Poly- 
gordius] (2) the Oligochad>a, 6\(/. the common earthworm 
Liindmcus; (’1) the Polychad.a; (4) the Hirudinea or 
leeches. Only the Oligochaita are definitely known as 
fossils. 


OKDER III. POLYCHiliTA 

The members of this Order are nearly all marine, and 
are characterised by the po.ssession of numerous seta) ar- 
ranged in bundles on each segment ; the seta^ arc usually 
placed on lobes or flaps on the sides of the segmen ts termed 
parapodia. Tentacles are usually present on the head. 
Many forms live in tubes, which may consist of carbonate 
of lime, of chitinous material, or of grains of sand cemented 
together by a secretion ; the tubes are sometimes free, but 
often attached to some foreign object. On account of the 
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possession of this tube the polyclnetous worms are often 
found fossil. Other forms, which do not live in tubes, are 
provided with minute chitinous jaws, and in sftme forma- 
tions, especially the Ordovician and Silurian, these are 
abundantly preserved. 

Serpula. "Fube calcareous, long, round, angular or flattened ; 
straight, curved irregularly or sometimes spirally, closed at one end ; 
generally attached to some foreign object by a portion of its surface. 
Hilurian to present day. Kx. S. gordla/is^ (Uialk. 

Spirorbis. Tube cal(;areous, small, spii*al, attached b}^ one 
side. Th(i spiral either left-handed or right-handed, the last whorl 
often produced into a free tube. Ordovician to ])resent day. Ex. S. 
( ■- (•(irhanariuii)^ ( ?arl »on i f(*r( ms. 


Distribiftion of the Ghwtopoda 

Nearly all the worms which are found fossil belong to 
the Order Polyclueta; the earliest examples occur in the 
Cambrian Beds. In addition to worm-tubes and jaws, there 
are, in various rocks, numerous trails and burrows, which 
are considered by some', authors to have been formed by 
worms, but in many cases it is probable that they were 
made by other animals such as crustaci^ans and gasteropods. 
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Cliiimef}. 

1 . Inartic-uluta 

2. Articulata... 


Orders. 

j 1. Atreinata. 
(2. Neotreuiata. 

) 1 . Protreniata. 
2. Telotr(jinata. 


In the Bracliiopods the soft jKirts of the nTiiiiial arc en- 
closed in a shell which is formed of two parts termed valves, 
one placed on the dorsal surface, the other on the ventral. 
Generally the main part of the body occupies only thci pos- 
terior portion of the shell. The interior of the shell is 
lined by the body-wall, and by the wwntle, which is a })ro- 
longati(m of the body-wall and is divided into two lobes, 
one occurring in each valve ; the space between the two is 
known as t he viantle-cavity. The shell is secreted' by the 
mantle. In most genera the margin of the mantle is 
thickem'd. and carries numerous chitinous st>taL The mouth 
(fig. 81, v) opens into the mantle-cavity, and leads into 
an (esophagus, which is followed by a stomach (partly 
surrounded by the liver), and -an intestine. In the 
articulate brachiopods the intestine is short and ends 
blindly, in the inarticulate forms it is long and ends in 
an anus which opens into the mantle-cavity. The nervous 
system consists of a ring round the (esophagus, with gang- 
lionic enlargements from which nerves are given off to the 
arms, mantle, etc. The part of the body-cavity which 



172 


BUACHIOPODA 


surrounds the alimentary ca 
mantle-cavity by means of 
two, or rarely four, funnel- 
shaped canals, which serve 
as excretory organs. The 
body-cavity extends into the 
mantle as a series of spaces 
or sinuses ; these produce 
slight depressions on the 
interior of the valves, and 
can often be traced as ridges 
on the internal casts of fossil 
specimens (fig. 9S), The 
body- cavity is filled with a 
fiuid which is kept in motion 
by means of cilia. The heart 
is on the dorsal surfiice of the 
stomach. 


communicates with the 



Fig. 81. MagelUmia [ = Wald- 
heimia']Jlavescen»f Recent. Lon- 
gitudinal flection, d, (upper), 
cardinal process ; d, (lower), 
arms ; h, cirri (tentacles) ; a, ad- 
ductor muscles ; c, c', divaricator 
muscles ; septum ; v, mouth ; 

terminal part of alimentary 
canal. (After Davidson.) x IJ. 


The brachiopods are never colonial animals. Repro- 
duction takes place sexually, and the sexes are usually 
separate. The genital organs are placed in the body- 
cavity, and in the sinuses of the mantle. 

Generally the greater part of the mantle-cavity is 
occupied by two long processes, given ofi’ from the sides 
of the mouth ; these are known as the “ arms (fig. 81, d\ 
since they were at first supposed to serve in locomotion — 
hence the name Bracldopoda. The arms are covered with 
cirri (or tentacles) (A), the cilia on which produce a current 
of water conveying food to the mouth. Respiration is 
carried on mainly by the mantle, but possibly also to some 
extent by the arms. 

Of the two valves of the brachiopod, the ventral is 
nearly always larger than the dorsal j each is produced 
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into a beak or umho ( fig, 82). The ventral umbo is more 
prominent than the dorsal, and has generally, either at 
its apex or just beneath it, an opening. With a very few 
exceptions the shell of the brachiopod is equilateral, that 
is to say, a line drawn from the umbo to the opposite 
margin divides it into two equal and similar parts. This| 
character, combined with the inequality in the size of^ihe 
valves and the perforation at the umbo, renders it easy to 
distinguish the shell of a brachiopod from that of a lamel- 
libranch. In many forms the two valves are joined 
together by means of a hinge, these constitute the group 
Articnlata ; in others they are held togt^ther by the muscles 



thickness; g — hinge-line, x J. 

and the mantle only, these form the Inwrticulata. The 
hinge consists of two short curved processes or teeth given 
off from the ventral valve near the umbo, which fit into 
corresponding sockets in the dorsal valve. In some genera 
{e,g. Orthis) the teeth are supported by plates (the dental 
plates) which are fixed to the inside of the ventral valve. 
The part of the margin of the valves where the teeth occur 
and on which the two valves move in the opening and 
closing of the shell, is termed the 9 — ^)* 

In some genera (Terebratula) this is short and curved, in 
others (Spirifer, fig. 95) it is long and straight. The 
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posterior part of the shell is that near the hinge (6g. 82, a), 
the anterior is the opposite margin (6). The length of the 
shell is measured from the antenor to the posterior border 
{h — a). The breadth is at right angles to this, from one 
side of the shell to the other (c — d). The thickness is 
measured from one valve to the other, perpendicular to the 
len||th and breadth {e — -f ). In some genera {e.g. Terebra- 
tula) the length is greater than the breadth, in others {e-g* 
Strophouieua) the breadth is greater. Between the hinge- 
line and the umbo iluire is in some brachiopods (e.g. Ggrtia, 
fig. 83) a fiat or slightly concave portion of the shell, 
usually triangular, on which 
the ornamentation of the rest 
of the shell is abscmt, the 
surface being either smooth 
or striated; this is known as 
the a rest. It may occur on 
both valves {e.g. (hiJds), but 
is sometimes found on the ventral valve oidy. 

Nearly all living brachiopods are fixed to a rock or 
other object ; but some fossil forms were free, especially in 



Fig. 83. Cyrtia exporreeta. Wen- 
lock Limestone, a, nmbo of 
ventral valu() ; ahe^ area with 
deltidium in the middle ; h — c, 
hinge-line. Natural size. 


old age (e.g. rrodueUw). 8ome, like Crarria, are attached 
by the closer adhesion of one valve to the rock ; others (e.g. 
Struphalosia) by spines given off from the. surface of the 
shell. More commonly, however, the attachment takes 
j place by means of a stalk or jjedun^le ; this is a cylindrical 
process, in some genera long, in others short, connected 
with the mantle, and passing out either through an opening 
in the ventral valve (fig. 84 A,/) or between the umboncs 
{e.g. Lingula, fig. 88). It is composed mainly of supporting- 
tissue with a sheath of horny material, but in some forms 
there are muscular layers also. In Lingula, which com- 
monly lives in burrows in the sand of the sea-floor, the 
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contraction of the muscles of the peduncle serves to with- 
draw the animal from the surface into its burrow. 

The opening for the passage of the peduncle varies 
considerably in different genera, and is a feature of im- 
portance in classification. Tht^ simplest case is that found 
in Lingula and other similar forms, in which the opening 
is shared by both valves. In other types we find that 
the peduncle-opening is confined to the ventral valve; in 
Discimi the opening is completely enclosed by the shell and 
is often near the centre of the valve, consecpuuitly the 
peduncle comes out at right angles t,o the plane of the 
valves. Sometimes, as in OrtMs (fig. 93), th(j peduncle- 
opening is in the form of a triangular fissure, under the 
umbo, known as the deUkyrimn. In -brachiopods belong- 
ing to the group Telotremata, a delthyi’ium is found in 
young individuals, but subsequently becomes partly closed 
by two plates, which grow inwards from the sides of the 
delthyrium and sometimes meet in tln^ middle line. These 
two plates form the delti dium (fig. 84 A, d). In Hhyn- 
chonella the two plates usually meet, but a small circular 
or ovate opening (the foramen) is h‘ft near the centre for 
the peduncle. In Magellania 84 A, y ) the foramen 
is (juite at the apex of the umbo, its lower boundary being 
formed by the deltidium {d). in gcuiera belonging to the 
Protremata and a few of the Neotremata, the delthyrium 
is more or less completely closed by a single plate known 
as iho. p^eudordeltidim^ this at first sight closely r(*se.mbles 
the deltidium, but is really of a different nature. It 
originates on the dorsal surhice of the body, but subse- 
quently becomes attached to the ventral valve, and then 
continues to grow by secretion from the peduncle. The 
deltidium, on the other hand, is formed by the edge of the 
ventral lobe of the mantle and consists of a pair of plates 
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which, in some cases, coalesce. The pseudo-deltidium is 
developed at an earlier stage in the life of the in- 
dividual than the deltidium, and grows from the apex of 
the delthyriurn downwards, becoming fused to the ventral 
valve. 

The two valves of the brachiopod can be opened and 
closed by means of muscles (fig. 81); those which open them 
are called the divaricators (c, c)y those which close them, 
the adductors (a). When the soft parts of the animal have 
been Removed the placets where the muscles were attached 



A B 

Fig. 84. Ma(iclUmia[~}VaUlheiviw\ jUwe8cemylXi'.Q.QA\t. A. Interior of 
ventral (or pedicle) valve. /, foramen; d, deltidium; ty teeth; a, im- 
pressions of adductor muscles; c\ impressions of divaricator 
muscles ; h, ft", muscles of the peduncle. B. Interior of dorsal (or 
brachial) valve, c, c\ cardinal process; ft", hinge-plate; dental 
sockets; Z, loop; o, a\ adductor impressions; c, point of attachment 
of the smaller divaricator. (After Davidson.) x 1\. 

to the interior of the shell are indicated by a difference in 
the surface such as striation, or by slight depressions or 
elevations ; these markings are termed the mmcula r im- 
pressions (fig. 84). In the articulate brachiopods there are 
generally five or six pairs of muscles. In the genus Magel- 
lania there are two pairs of divaricators (fig. 81 c, d) and one 
of adductors (a). Both pairs of the former are attacbed 
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to a process (the cardinal process, fig. 84 B, c, o') on the 
dorsal valve between the teeth sockets, and one pair join 
the ventral valve near its centre (fig. 84 A, c), while the 
other pair, which are smaller, are attached nearer the 
posterior border (c'). Hence the dorsal valve forms with 
these two pairs of iimscles a lever of the first order. The 
adductor muscles are united to the ventral valve near the 
centre (fig. 84 A, a) and form a single impression divided 
by a median liiu^ ; these muscles bifurcate before reaching 
the dorsal valve and there form four im])ressions (fig. 84 B, 
a, a'). There are also muscles attached to the peduncle 
which serve to move thti sht^ll bodily, one pair of these 
being united to th(i dorsal valve (fig. 84 B, b"), the others 
to the ventral (A, 6, b"). In the Inart iculata tin; musclt‘s ' 
iiro usually more complicated ; thus, in Jjitujala (fig. 88) 
we find, in addition to the adductors and divaricators, 
muscles for moving one valv(‘ backward or forward in 
relation to the other, and others for giving a slight rotary 
motion. 

The arms, already meutioiuid as occupying in most 
genera the main part of the mantle-c.avity, aie geru*rally 
coiled up. In some forms they can Ixi protruded a greater 
or shorter distance. Sometimes they are supporU^d on a 
calcareous framework — th(3 brachial si'eleton — which is 
attached to the posterior part of the dmsal valve at the 
sides of the cardinal process. In UhipichorMa (fig. 97 B, c) 
th(! brachial skeleton consists of twa short cni’V(‘d processes. 
In Tffrebratula, (fig. 99) there is a ribbon-like band forming 
a short loop. In Stringoce/ hal us (I'g. 101) the loop is more 
extensive and runs parallel to and near the margin of the 
valves.. In MageUania (fig. 84 B, 1) the loop extends nearly 
to the anterior tmirgin of the shell and is then btmt back 
upon itself. In many Paheozoic and a few Mesozoic 

12 
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genera, the brachial skeleton is in the form of two spiral 
ribbons; in Sjnrifer (fig. 95 A) the apices of the spirals 
are directed towards the lateral margins of the shell, in 
Glasda they point inwards, in Atrypa (fig. 96 A) upwards 
to the centre of the dorsal surface. The brachial skeleton 
is absent in all the inarticulate genera, as well as in some 
of the articulate forms such as Prodactus and Chonetes, 
The development of the brachial skeleton has been 
studied in some living species of T erehratulina, MageU 
Imday and TerebratellcL In Terehratalina the adult form 
is reached almost dir(‘ctly ; but in Mayellwnia the brachial 
skeleton passes through various stages before the adult 
condition is attained; and it is noteworthy that these 
stages are similar to the adult forms of certain other 
genera. ^J^hus in Magellania venosa the brachial skeleton 
passes through stages which, in succession, resemble the 
brachial skeletons of the g(‘nera Gvjyrna, Cistella, Bov- 
chardia, Meyer Una, Mayas, Mayasella, and Terehratella, 
after which the adult condition is reached. Another 
striking fact is that some species, which have hitherto been 
referred to the genus Mayellania, have a development 
differing from this; thus M, cranium pisses through 
stages distinctive of the giuiera Gtvynia, Cistella, Platidia, 
Ismenia, Muldfeldtia, and Terehratella. If the stages 
through which an individual pjisses in its development be 
taken to indicate its ancestry, then it follows that in 
Magellania there are two groups of species having different 
ancestors, and these two groups must therefore be regarded 
as constituting two distinct genera (see pages 15, 16). 

The largest brachiopod known is Productvs giganteus, 
from the Carboniferous Limestone, which has a breadth 
of twelve inches ; the size of the shell in different genera 
varies from this down to about a quarter of an inch. 
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Generally the shell is thin, but in some forms, such as 
Daviesiella Uangollensis, it is thick and massive. The ex- 
ternal form varies considembly ; it may he globular, ovoid, 
hemispherical, quadrilateral, or triangular. Usually both 
valves are convex, but in some genera, one is plane the 
other convex, or one may be concave and the other convex ; 
in the last case the space in the interior is often small. 
Sometimes there is a median dequ-ession or sulcus on 
the anterior part of one valve (generally the vtiutral) and a 
c(»rrosponding ridge on the other valve, or there may be 
two sulci and two ridges (biplieation). The surface of the 
shell is sometimes quite smooth, hut is often ornamented 
with striic or riV)s, which generally radiate from the 
umbones but are occasionally concentric. In a few forms 
the shell is covered with spines. 



Fig. 85. Vertical section of sliell of Matjellania [ = \Valdheiviia\JUivescen8, 
liecent. a, prismatic layer; 6, chitinous layer; c, outer calcareous 
layer; e, d, canals traversing the calcareous layers. (After King.) 
Magnified. 

I n the Art iculata the she) 1 is ni ainly calcareous. In 
the genus Magellania it is formed cd* throe layers (fig. 85); 
the inner (a), next the mantle, is the thickest and most 
important, and consists of flattened prisms of calcite 
arranged obliquely to the surface of the shell, each prism 
being encased in a membrane, which of course has dis- 
appeared in the fossil examples. The middle layer (c) is 
lamellated and also calcareous. The outer (6) consists 

12—2 


180 


BRA0HIOPODA 



of chitinous material. The inner and middle layers are 
traversed by canals (figs. 85, d, 80) running at right 
angles to the surface of the shell, and containing pro- 
longations of the mantle ; in 
fossil specimens, in which 
the chitinous layer is not 
preserved, the openings of 
these canals can be seen on 
the surface of the shell, giv- 
ing it a punctate a})})earan(*t‘. 

The shell is secreted by the 
mantle, its outermost ])order 
producing the ch i ti nous layer, 
a zone just within this forming the lamellated layer, and 
the remainder giving rise to the prismatic layer which 
gradually encr<.>aches on the pix^ceding ; hence the last 
layer is the only one which can subsec piently increase in 
thickness. In many forms the lamellated layer is absent, 
and in some {e.g. Rhynchonella) there are no canals tra- 
versing the calcareous layers. 

The slu‘ll of the Inarticulata has a different structure. 


Fig. 80. Horizontal sectioji 
ihroiigli the prismatic layer of 
Terebmlula maxillata, from the 
(ireai Oolite, showing prisms 
and canals. Magnified. 


In Lingula it consists ot altoncffjiig^ Cfdear^ 
iK ^ys layers, the calcareous material being largely phos- 
phate of lime ; the canals whi(;h traverse these layers are 
more numerous and much smaller than those found in the 
articulate forms. In Crania, the shell is calcareous and 
the canals branch near the surfaces 

The development of the shell in the Brachiopoda has 
been studied by Beecher. In the earliest or embryonic 
stage the shell is similar in character in all the genera 
which have been examined. This 

termed the prqUguhnp, and may sometimes be found at 
the umbones of adult shells, but generally, owing to its 
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delicate nature, it has been worn off ; it is semicircular or 
semi -elliptical in form, with concentric lines of growth, and 
is without an area ; it is composed of horny material, and 
varies in size from 05 to *00 millimetre. From the con- 
stancy of the occurrence of the proteguluih it has been 
inferred that the anc(‘stral form of tlui Brachio]joda 
possessed throughout life a shell similar to the protegulum; 



Fig. 87. Microiiiitra {Patfiina) lahradoriea^ from the Lower Cambrian 
(Olfciiellua Beds). A. Ventral valve. B. Dorsal valve. Enlarged. 


but, at present, no brachio])od agreeing entirely with the 
protegulum has been found; for although Paterina {1^^. 87), 
from the Lower Cambrian, is in many respects similar, yet 
the po.ssession of an area distinguishes it from a pi'otegulum. 
Rustella, also from the Lower C/ambi*ian, is now regarded 
as the most primitive Brachiopod known. 

I'he Brachio[)oda have been divided by nearly all authors 
into two Classes, (1) the Inarticulata, (2) the Articulata', 
(^ach of which may be divided into two Orders. 


Or.ASS 1. INAimCULATA 

The valves are not provided with teeth, but are held 
together by the muscles and mantle. The intestine is long 
and ends in an anus. There is no brachial skeleton. 

1 These classes have received other names; the Inarticulata being 
known by some authors as the Lyoponmta, the Ecardines, the Pleuro- 
pygiot or the Tretenterata ; and the Articulata as the Arthropomata, the 
Testicardines^ the Apygia, or the Clistenterata, 
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ORDER I. ATREMATA 

The peduncle passes out between the umbones, the 
opening being shared by both valves. E.g, Lingula. 

JLingu la (fig. 88). Shell thin, nefirly eqiiivalve, compressed, 
elongate-ovate or quadrilateral, ta- 
pering towards the umbones, slightly 
gaping at the extremities. Dorsal 
valve a little shorter than the ven- 
tral. Hinge-lino slightly thickened. 

Twelve muscular impressions in 
each valve, but usually indistinctly 
marked. Surfac*-e of shell smooth, or 
concjontrically or radially striated. 

Peduncle long, passing out between 
the umbones. Shell composed of 
alternating layers of calcareous and 
chitinous material. Ordovician to 
present day. Ex. L. anatina^ Recent ; 

L, ovalis^ Kimcridge Clay. 

liingulella. External form 
similar to Lingula ; in the ventral valve a distinct hinge-area and a 
groove for the peduncle. Lower Cambrian to .Ordovician. Ex. 
L, danisi^ Lingula Flags. 

Kutorgina. Shell calcareous, usually broader than long, with 
a long, straight hinge-line; surface with concentric strijc. Ventral 
valve very convex, with an elevated umbo; four pairs of muscular 
impressions. Dorsal valve flat or slightly convex, with a small 
umbo and two pairs of muscular impressions. Area of ventral valve 
narrow, with a wide fissure; dorsal area only slightly developed, 
A rudimentary hinge. Lower (? also Middle) Cambrian. Ex. K, 
cingulata. 

ORDER II. NEOTREMATA 

The peduncle-opening is confined to the ventral valve. 
In the lower types the opening is in the form of a slit at 
the margin of the valve; but in the higher forms it is com- 
pletely surrounded by shell, and is often near the centre of 



Fig. 88. Liiiffula anatina, Re- 
cent. Interior of valves show- 
ing muscular impressions. A, 
ventral valve. B, dorsal valve. 
Uf umbonal muscle ; f, trans- 
medians ; c, centrals ; a, an- 
terior laterals ; m, middle 
laterals ; external laterals. 

xh 
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the valve, in which case the peduncle passes out at right 
angles to the plane of junction of the two valves. A pseudo- 
deltidium is sometimes present. E,g. Discina, 

Obolella. Shell ovate or suh-circiilar, lenticular, iioiirly 
equivalve. Ventral valve with a solid umbo, and a small area with 
a groove for the peduncle in the middle; one pair of long muscular 
impressions extend from ne.ar the hinge-line to the middle of the 
valve, between these arc a pair of small impressions, and near the 
hinge-lino a third pair of small impressions. Dorsal valve with a 
minute umbo, a small area, an internal median ridge, and two long 
muscular impressions diverging widely. Lower Cambrian. Ex. 0. croMa. 

Siphonotreta. Shell elongate-oval, biconvex, inequivalvc, 
with spines on the surfjice. I linge-line curved ; no area. Ventral 
valve the more convex, with a prominent, straight umbo, having a 
small foramen at its apex continued as a tube to the interior of the 
valve. Dorsal valve less convex, with umbo at the margin. Muscular 
impressions near the hinge-line in both valves. Ordovician and 
Silurian. Ex. S. micula^ Llandeilo. 

Discina (group). Shell comi)osod partly of chitinous material; 
sub-orbicular, or sub-elliptical, surface smooth or covered with striie 
of growth. Valves more or less conical, the summits of both sub- 
ceutral or sub-posterior. Peduucle-o])ening placed either near the 
summit of the ventral valve or a little behind it. Four adductor 
inqn’essions. (yambrian to presont <lay. Dimituty in the wide sense, 
as dehnod above, includes the three genera Dlacind, (restricted), 
Discinima^ and Orhicvloklca. 

Discina (restricted). l»otb valves convex. Pedimcle-o[>ening 
small, near the middle of the valve externally, passing through the 
shell obliquely for>vards. The only species definitely known is D. 
striata, Recent. 

Discinisca. Ventral valve flattened; behind the apex is a 
disc, which is depressed externafly and interrupts the continuity of 
the lines of growth. The disc is perforated for the peduncle by a 
fissure which passes directly, not obliquely, through it. Tertiary and 
living ; i)erhaps Mesozoic. Ex. D. lamellosa, Recent. 

Orbiculoidea. Ventral valve flattened ; on the surflice just 



184 


BHACHIOPODA 


behind the apex is a narrow furrow, which is perforated at the point 
farthest from the apex, the perforation passing through the shell 
obliquely backwards. Cambrian to Carboniferous, ])erhaps also 
Mesozoic. Ex. 0. morrist, Wenlock Limestone. 

Crania (fig. H9). Shell calcareous, traversed by vertical canals 
which branch near tlie outer surface; quadrangular or siib-circiilar, 
smooth or with radiating ril)s, fixed by the ventral valve : without 
pedun(de-opening. Ventral A^alvo depressed-conical: dorsal larger 
than the ventral, conical with a sub-central apex. Interior of each 
valve with a border covered with granulations. Ihvo ])airs of well- 
marked adducto]’ impi’essions in ea.c,h valve (o, o') : the ])osterior pair 



Fig, 89. Crania anomaht, llocent. A. Tnteriorof ventral valve. B. Dor- 
sal valve, a, anterior adductors; a\ posterior adductors ; e, posterior 
adjustors; c\ cardinal muscle; r, o, central and external jxdjustors. 
(From Woodward.) x2. 

near the margin, th(‘. anterior near the centi’os of the v(dves and 
close together, es]»e(dally so in the ventral valve; also other smaller 
muscular impressions. A triangular protuberance near the centre 
of the ventral valve. Ordoviiaan to 2 >resent day. Ex. C. ujnaher- 
gemis^ Chalk. 


CLASS IT. ARTICULATA 

The valves articulate by means of two teeth on the 
ventral valve which fit into sockets on the dorsal. The 
intestine is short and ends blindly. A brachial skeleton 
may or may not be present, 



BRACHIOPODA 


185 


ORDER I. PROTREMATA 

A pscudo-deltidiurn is developed, but sometimes dis- 
appears in the adult. The peduncle-opening is at tlie 
margin of the ventral valve, in the form of a fissure (delthy- 
riuin) either entirely op(‘n or more or It'ss completely closed 
by the pseiido-deltidium. Usually there is no brachial 
skeleton. This group is found mainly in the Paheozoic 
formations; th(^ only living form is Thecidm {Lacazella). 
E.g. Orthis. 

90). Shell free, or fi.Ked hy spines, generally 
tiviJisverse {i.c. broader than long) but sonietiines elongated, often 
produced into ‘cars’ at the sides. Dorsal valve concave. Ventral 
valve very convex, often sharply bent, sometimes with a median 
sinus; umbo large, incurved, not perforated. Hinge-line straight, 
teeth absent or rudimentary. Aroji linear or absent. Surface orna- 



Fig. 90. Produetus gigmiteus. Carboniferous Limestone. A. Interior of 
dorsal valve. B. Interior of ventral valve. C. Ideal section of both 
valves. D. Dorsal hinge-line. cardinal process; a, adductor; 
r, divaricator ; A, ventral area ; b, brachial prominence (?) ; », hollows 
occupied by the spiral arms; v, reniform impressions, (From Wood- 
ward.) xj. 
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mented with radiating ribs, crossed by concentric folds, especially in 
the uinbonal region. Tubular spines, especially in the region of the 
umbo and ears. Muscular impressions strongly marked; in the 
ventral valve the adductors (a) are near the umbo, and in front of 
them are the divaricators (r). A prominent cardinal process (7) on 
the dorsal valve is continued as a median ridge in the interior. No 
brachial skeleton. (Carboniferous and Permian. Ex. I\ semireti- 
culatus, Carboniferous Limestone. Vrodnctella^ Devonian, is an 
allied form. 

Strophalosia. Shell similar to Productm in form ; attached 
by umbo of ventral valve. A distinct area on each valve, with a 
pseudo-deltidium ; tlie ventral area larger than the dorsal. Ventral 
valve with two ])ronunent teeth. Dorsiil valve with a prominent, 
bifid cardinal process. Surface of ventral (and sometimes also the 
dorsal) valve covered with spines. Middle Devonian to Permian. 
Ex. S. excavata^ Permian. 



Fig. 91. Chonetea^ from the Devonian. A, dorsal ; B, ventral valve, 
rt, adductor impnjSHions ; c, divaricators ; teeth ; r, vascular im- 
pressions ; 7, cardinal process. (From Woodward.) Enlarged. 

Chonetes (fig. 9I). Shell transvisrse, semicircular, concavo- 
'convc.v, or sometimes plano-convex. Hinge-line straight, forming 
the greatest width of the shell. Teeth strong An area on each 
valve; dorsal area very narrow. Upi)er margin of area of ventral 
valve with a row of hollow', diverging spines, which increase in 
length towards the ends of the hinge-line. Delthyrium more or less 
completely closed by a pseudo-deUidium. Muscular impressions 
faintly marked. Cardinal process divided. Surface usually orna- 
mented with radial strim. Silurian to Permian. Ex. €. itriatellay 
Upper Ludlow. 

^ Shell concavo-convex, semi -oval or nearly quad- 

rangular, ornamented with small radiating ribs, crossed by concentric 
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folds on the flatter ])arts; anterior part bent sharply, often at a 
right angle to the posterior part. Space between the two valves 
very small. Hinge-line straight, forming the greatest width of the 
shell. A narrow area on each valve ; the delthyriurn of the ventral 
valve covered by a convex j>seudo-dcltidium. Umbo of ventral 
valve perforated by a small foramen except in old individuals. Two 
strong diverging teeth in the ventral valve supported by lamella) 
which are continued round the muscular area. Muscular impres- 
sions : in the ventral valve, two narrow adductors surrounded by two 
large divaricators ; in the dorsal, two small adductors near the 
centre of the valve, behind which are two larger adductors. Cardinal 
process divided. Ordovicnan to Carboniferous. Ex. L. rhomhoidah\ 
Bala Bods, etc. 

Strophonella. Shell semicircular or semi -elliptical ; ventral 
valve concave, dorsal valve convex. Hinge-line long, straight. 
Dorsal area narrower than the ventral; inner margins of areas 
crenulate. Muscular area of ventral valve limited by a prominent 
border. Silurian and Devonian. Ex. S. euglypha^ Wen lock Limestone. 

Strophomena. Shell semicircular or semi-elliptical, orna- 
mented with fine radiating ribs; hinge-line straight, forming the 
greatest width ; dorsal valve convex ; ventral valve convex near the 
umbo, but concave in the middle. Ventral area conspicuous, with 
a pseudo-del tidi urn ; apex perforated exce])t in old age ; dorsal area 
narrow. Tooth diverging widely, supjjorted by j)lates, which are 
produced into ridges nearly surrounding the muscular area; the 
latter is divided by a median ridge. Dorsal valve with a ridge 
separating two large adductor imiu’cssions, in front of which are two 
narrow impressions. Ordovician and Silurian. Ex. 8. antiquata, 
Wenlock Limestone. 

Schellwienella. Ventral valve flat or slightly concave, with 
a slight convexity around the Umbo ; dorsal valve convex. Valves 
ornamented with fine radiating ribs ; hinge-line usually shorter than 
the width of the shell. Without a median septum. Ventral area 
prominent, often high, the two sides sometimes unequal ; delthyriurn 
closed by a pseudo-deltidiurn ; muscular impressions fan-shaped; 
dentiil plates short, diverging. Dorsal area rudimentary or absent ; 
the cardinal process fairly strong. Carboniferous. Ex. S, crenistria, 
Carboniferous Limestone. 
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OtKWb (group). (Fig«. 92, 93.) Outline sub-circular or quadrate. 
Both valves more or less convex. Surface radially ribbed or striated. 
Hinge-line straight, sometimes equal to 
the width of the sliell, but generally 
shorter. An area on each valve, each 
usually divided by an open delthyriurn. 

In the venti-al valve two large teeth, 
supported by dental ] dates. Four 
nuiscular impressions in the dorsal 
valve. Two long, narrow impressions 
(r/) with two smaller ones (a) between 
them in the ventral. Oambrian to (larlM>niferous. OrtMs^ as defined 
above, includes a large number of species which have been divided 



Fify. 92. Orthia callujrmnma 
var. Ordovician . 

(From Nicholson.) 



Fig. 98 . Orthis {ScJiizophorio) striaiula, Devonian. A. Interior of dor- 
sal valve. B. Ventral valve, c, curved brachial processes (crura); 
V, genital impressions; h, area with delthyriurn ; Z, teeth ; a, adductors; 
dy divaricators. (From Woodward.) Natural size. 


into several groups now i-egarded as sub-genera or genera, some of wliicli 
are Ort/na (restrict(Ml), Platt/iitrophiii^ Iktlmanella^ ScMzojyhoria^ 
lihipidomdla^ Bilohites ; four of these are briefly described below : 

Orthis (restricted) (fig. 92). Shell plano-convo.x ; with few 
strong sharp ri bs, rarely bifurcati ng. Area of the ventral valve elevated. 
Cardinal ])rocess in the form of a thin vertical plate extending from 
the apex to the base of the delthyriuin, A small flat plate sometimes 
fo\ind in the ape.x. of the delthyriurn. Shell not punctate. Ordo- 
vician to Silurian. Ex. 0. callactu^ 0. calUijmmma^ Ordovician. 

Platystrophia. Shell sjdriferoid in form, with long hinge-line, 
and sharp radial folds ; b<jth valves very convex, with the two areas 
of nearly equal size. Ventral valve with a strong njcdian fold, dorsal 
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valve with a corresponding sinus. Cardinal process a simple linear 
ridge. Shell not punctate ; surhice finely granular. Ordovician and 
Silurian. Ex. P. lynx, Ordovician. 

Dalmanella. Shell punctate, ornamenterl with fine, bifurcati ng 
striae. Hinge-line generally shorter than the width of the shell. 
Ventral valve usually more convex than the dorsal, with an elevated 
umbo. Teeth prominent, sup|)orted by lamella). Ordovie-ian to 
Devonian. Ex. J). eleyantnla, Silurian. 

SchiZOplloria (fig. 93). Shell punctate, ornamented with 
line hollow stria* bearing short spines. Dorsnl valve more convex 
than the ventral. Hinge-lijie shorter than t.lie. width of the shell. 
Cardinal process with ac(U)ss<*ry ridges in old imlividuals. Dorsal 
valve with 4 to (> deej) pallial sinuses (fig. 93 A). Silurian to 
( Carbon ifero us. Ex. *S’'. rcunpinatti, ( tirlxuiiferous. 

Pentamerus (fig. 94). Shell oval, or subtrigonal, biconvex, 
ornamented with ril)s, rarely smooth. A^entral valve tlio more 



Fig. 91. PenUivu'nift {Coitchiditim) hnujhti, Aymestry Limestone. 
A. Transverse section. B. Longitudinal section, s, septa; d, dental 
plates. (From Woodward.) x^. 

convex. Median dorsal fold tind ventral sinus slightly <level(»pe<l or 
absent. Umbo of ventral valve large, sharp, often strongly incurved, 
usually touching the dorsal valve and concealing the deltliyrium. 
No area and usually no pseudo-deltidium ; Ijingc-linc curved. Dental 
plates {d) trough-like, converging in the ventral valve to form a large 
median septum (i?) ; in the dorsal valve two septa close together (8~~s). 
Silurian to Devonian. Pentamerus (restricted) includes species with 
a smooth shell ()r with only faint radiating folds. Ex. P. ohlonym. 
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Llandovery. Conchidium includes species with numerous strong 
raclial ribs. Ex. C. knighti^ Aymestry Limestone. Oypidula is 
similar to Pentamerus^ but with a median dorsal fold and ventral 
sinus ; surface with folds or iiearly smooth. Ex. G, galeata^ Wenlock 
Limestone. Sieherella is distinguished from Oypidula by the 
presence of an area on the ventral valve. Ex. S, comis, Devonitin. 

Stricklandia. Shell large, oval, ornamented with ribs ; valves 
nearly equal, sometimes with a fold and a sinus. Umbo of ventral 
valve not prominent. II inge-line straight ; .an area on each valve, 
the dorsal being siiialL A short median septum in the ventral valve 
from which arise two plates forming a small chamber under the 
umbo. Silurian. Ex. >S’. Llandovery Beds. 

Camarophoria. External form similar to Wiynchonella^ witli 
radial folds; ventral umbo sharp, incurved. In the ventral valve 
the dental [»lates converge to form a short trough supported by a 
long medium septum. In the dors,‘iI valve there is a trough-like 
plate supported by a se[)tuni. Carboniferous and Permian. Ex. C. 
schlot/idimi^ Permian. 

ORDEll 11. TELOTREMATA 

The peduncle-opening is confined to the ventral valve 
in the adult, and is either at the umbo or beneath it. A 
deltidium is devtdoped, and a brachial skeleton is present. 
E.g. Magellania, 

' Spilifer (fig. 95). Shell tonsverse, mt)re or less triangular, 
usually alate, biconvex, ornamented with ribs radial. Often with a 
sinus on the ventral valve and a ridge on the dorsal. Hinge-lin e 
straight, long. An area on each valve, the ventral one triangular, 
often transversely striated, with a delthyrium which is partly closed 
by a deltidium ; dorsal area small Teeth supported by short dental 
plates. Brachial skeleton often filling a great part of the interior of 
the shell, formed mainly of two spirals, with their apices directed 
laterally, Silurian to Permian. Ex. S, striatm. Carboniferous 
Limestone. Martinia includes ‘ Spirifers’ with a short hinge, usually 
smooth surface, and without dental plates {e.g. Jf. glahevy Carboni- 
ferous). 
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Spiriferina. Similar to tSpirifer, with a high median septum 
in the ventral valve, and a punctixte shell. Carboniferous to Lias. 
Ex. S. walcotti, Lias. 

Ssrringothyris. Similar to Spirifei\ but with a high ventral 
area and an internal tube in the delthyrium. Carboniferous. Ex. S. 
cuspidata. 

, Cyrtia (fig. 83). Area on the ventral valve very large ; 
rfeltidium nanow, convex, with a jKirforation. Dental jdatcs well 
developed but not joining. Urachial skeleton as in Sph'ifir, but the 
.apices of the spii’es are nearer the liinge-line. Silurian and 1 )evonian. 
Ex. C. f‘Xporrcet(fy Wcnlock Limestone.’ 



A B 


Fig. 05. Spirifer stria tus, Carboniferous, A. Interior of dorsal valve, 
showing brachial skeleton. B. Interior of ventral valve, showing 
muscular impressions, area, and deltbyrium. (From Woodward.) 

Uncites. Shell elong.ate-oval, biconvex, striated. Hinge-line 
curved, no area. Umbo of ventral valve prominent and incurved,^ 
often distorted ; peduncle-opening clo-sed in the adult by a concave 
deltidium. Dental plates strong. A])ex of dorsal valve incurved 
and partly hidden in the ventral valve ; cardin.al process prominent. 
Brachial skeleton spiral, apices of spires directed laterally. 1 )evonian. 
Ex. U. (jryphus, 

. Meristina. Shell biconvex, smooth ; hinge-line curved, no 
area. Ventral umbo incurved in the adult, so as to conceal the 
foramen. Teeth supported by <lental jdates which reach to near the 
middle of tlie valve. Spires of brachial skeleton 2 )ointing laterally, 
joined by a band bearing a median stem which is forked at its end. 
Silurian. Ex. M. tumida, 

Athyiis. Shell with transversely elliptical or sub-circular 
outline and a median sinus ; the two valves nearly equally convex. 
Surface often with concentric growth-lines produced into lamella). 
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Hinge-line curved. Ventral uml)o small, incurved, usually concealing 
the peduncle-opening and deltidium ; with prominent teeth supported 
by dental plates ; four muscular impressions. Dorsal valve with a 
tube from the interior of the valve opening at the hinge. Brachial 
skeleton consisting of two spires joined by a band ; the apices of the 
spires pointing laterally. Devonian «and Carboniferous. Ex. A. 
co'iwentrica^ Dewonian. 

' Atryga (fig. Shell sub-circular or oval, ornamented with 

rad iaITng ribs, often crossed by well-marked growth-rings. Veiitral 
valve convex near the umlM>, depressed in fi’ont; dnrs/il valve often 
much inflated. Hinge-line short, slightly curved ; no area. V^cntral 
valve with a. small circular foramen, a small deltidium, and two 
strong ci’(‘-nulate teeth ; muscular im]>ressions grouped at tlie centre 
of the valve. Bra-chial skeleton formed of two spirals with their 
apices directed buvards thcMHUitre of the dors^il valve ; tla^ two spires 
joined by a band near the umbo. Ordovician to Devonian ; 
abundant in Silurian and Dovoniam Kx. A. retirul.ari,% Wenlock 
Tiimestone. 
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Eig. 90. Alnjpa reticularis, Wenlock IaineKton(\ A. Dorsal valve, 
ehowirig brachial skeleton. B. Interior of ventral valve, a, im- 
pressions of adductor muscles; c, divaricator muscles; p, muscles 
of peduncle ; o, genital impression ; d, deltidium. (From Wood- 
ward.) Natural size. 

Rhynchonella. Shell round, oval or triangular, not })erforated 
by c^3s7 usually ornamented with numerous radial ribs. Both 
valves convex ; usually a median sinus on the ventral valve and a 
corresponding ridge on tlie dorsal. Ventral umbo small, acute, more 
or less incurved ; foramen beh)W the umbo, almost surrounded by 
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the (leltidium. Ventral valve with two strong teeth, supported hy 
dental plates ; rmiscular area oval— two large divaricatoi* impressions 
enclosing small addiu^tors. Jh*achial skeleton reduced to two short, 
free lameJhe; no cardinal process; a median septum in the dorsal 
valve. ’’J'rias to tlialk. li/it/ncJumeUa in a very restri(d.ed stuise 
iutdudes fornis with the radial ribs little developed ; with <a sub- 
j)yramidal shell; the sinus on the ventra.l valve becjoming broad and 
deep in front where it often ju-oduecs a prominent toiigue-sha]>ed 
extension ; the dorsal valve with a corresi)onding ridge cu* fold. 
lJ])per Jurassic. Ex. /I. loxin. Ct/dothyris includt's the, majority 
of the Me.so/iOic species usually referred to l{hyndi<yneU<t^ and differs 
from (restricted) ijjainly by tluMiumerous, well develope<l 

radial ribs, and by the smaller development of the median sinus and 
ridge. Abundant in Jui'assic and (Jrotac^cious. Ex. C. latusrma^ 
Lower Greensand. 

AcanthothyxiS. Differs from (''yflfft/tyd.t mainly by the 
development f)f numerous si)ines a.ll over the surface of the shell. 
Ventral sinus and dorsal fold usually little devtdopod. Ju?*assit; to 
[)resent day; mainly Jurassic. Now living in the seas around Japan. 
,Ex. A. spinosa^ Inferior Oolite. 

Hemithyris (fig. 97). lA)rni sinnlar to Shell 
smooth or ffiintly ribbed. Ahuitral umbo high, with th(i deliidium 
poorly developed. No dental plates. Pliocene to ju'esent day. Ex. 
If. pdttacea. 



Eig. 97. Hemiihiirix imittaceay lleoent. A, interior of ventral; B, interior 
of dorsal valve. /, foramen; d, deltidiuin; teeth; a, adductor 
impressions; r, divaricator impressions; p, peduncular impressions ; 
o, genital impressions ; t', dental sockets ; c, bracliial skeleton ; 
Sf septum. (From Woodward.) Natural size. 

Most of the Pahoozoic species formerly referred to llhyndionella 
are now regarded as Ixilonging to distinct genera, viz. : — lihyndtotreta, 
Camarotcechiay WiUonia, Uncinulus^ Hypothyridina ( = Tlypothyris)^ 
Fugnax. ^ 


w. p. 
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Pugnax (fig. 98). Ventral valve shallow, dorsal valve deep. 
Median sinus and fold very prominent, causing the front margin to 
be elevated and often acuminate. Some radial riba present, 
llental plates short. No median septum in the dorsal • valve. 
Devonian and (.Carboniferous. Ex. 1\ (wiminatus^ Carboniferous 
Limestone. 
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Fig. 98. Puffnax acuminatUH, Carboniferous Limestone. Internal casts- 
A. Ventral valve. B. Dorsal valve and posterior part of ventral. 
\\ ‘ vascular ’ impressions ; O, genital impressions ; A , adductors ; 
R, divarioators ; P, muscles of the peduncle. (From Woodward.) 
Natural size. 


- Tereb ratula (figs. 82, 80, 99). 
^ or rounded ; surbxcc nearly always 
smooth ; often with two folds on the 
dorsal valve and two corresponding 
sinuses on the ventral, ilingc-lino 
curved. U ml)o of ventral valve trun- 
cated by a circular foramen with 
a dcltidium at its base. Bnichial 
skeleton in tlie form of a short 
loop extending only about a third 
the length of the shell. Junussic 
to j)reiSent day. Ex. T, phiUtpsi, 
Inferior Oolite ; T. hismuata^ Eocene. 


Shell biconvex ; oval, elongate 



Fig. 99. Terebratula {Liolhy- 
rina) vitrea^ Recent. Interior 
of dorsal valve, showing the 
brachial skeleton. (From 
Woodward.) x 


Terebratula is also used in a more restricted sense which excludes 


the Mesozoic species from that genus. 


Dictyothyris (Jurassic) is similar to Terehratida^ but with fine 


radi^ ribs and concentric lines ; ex, J), coarctata. Dielasina (Devonian 
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to Periiiian) and Cmiothyris (Trias) are distinguished from the Tere- 
hratulw of Jurassic and later forinatioiis mainly by the possession 
of well-developed dental plates. Ex. IHda&ma hmtatum^ Carboni- 
ler(.)us ; Cwnothyrh v'idyiin,% I'rias. 

Terebratulina (lig. lOO). Form similar to Terehmtula. 
Ornamented with tine radiating ribs. 

Umbo short, foramen large, delti- 
diurn small. Two car-like processes 
at the sides of the doi’sal umbo. 

Brachial loop short, with a ring 
formed by a band l>etweon the two 
branches. Jurassic to present day. 

Ex. 7\ fiCriata, Chalk. 

Magellania (= Waid/if'imut) 

(fig. 84). l)istiiigiii.slicd from Teiv- pi,,. loo. Tcr.bmUdim. caput- 
hratnla by the longer br.achial loop, serpcntin. Interior of dorsal 
extending to at least half the Wood- 

length of the shell, and by a median 

septum in the dorsal valve, which is, however, sometimes rudimen- 
tary. The shell may be smooth, or with folds, or radially ribbed, 
bias to present day. Ex. J/. Becent. 

Magcllania in the restricted sense iindudes spiudes of the type 
of the recent J/. flavescem in which there are radial folds on the shell. 
A large number of spo :ies aro found in the Mesozoic rocks and differ 
in some respects from the typical forms of Magdlanit ; they liavo 
been divided into several groups; by some authors these divisions 
are regarded as genera fir sub-genera, some of the more important 
being: — Evdesla (ex. E. cardium^ Cmit (Jolite) ; Zcilleria (ex. Z. 
cornnta^ Liiis) ; Ornithella { -^Microthyns) (ex. O. ornithocephala^ 
Cornbrash); Au^acothyris (ex. A. resupinata^ bias). 

Terebratella. Shell oval, usually with radiating ribs. Ven- 
tral valve very convex; dorsal more or less flattened. Hinge-line 
straight or slightly curved ; an area present. Umbo with a large 
foramen, and deltidium below. Brachial skeleton similar to Magel- 
lania^ but descending branches joined by a band to a septum in the 
middle of the dorsal valve. Lias to present day. Ex. T. pectita, 
Upper Greensand. 
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Strin gOCephalUB (Hg. lOl). Shell smooth, circular or oval 
in outline. Ventral Viilye with a shariv prominent, incui*Y<)(Ji UOihxi^ 
area present. Peduncle opening large in young individuals, but 
srjialler and oval in adults on account of the development of the 
deltidiuin. Ventral valve with a median sei)tum {vs\ wliich extends 
from the umho almost to the front of the valv(‘, and incrtvises in 



Fig. 101. Slrui(j(i<aphnlns Ourliui, Devonian. A. Dorsal valve. B. Pro- 
file. a, adductor; r, crura; /, loop;./, cardinal process; p, hinge- 
plate ; X, dorsal s(?ptum ; ventral si?ptum ; f, dental sockets. (From 

Woodward.) x^. 

height towards tlie latter. Dorsal valve less convex, with a small 
septum (.s), u.nd a long slightly curved cardinal process (/), divided 
at its extremity to eml»ra(u^ the ventral septum. 'I'he hrachial 
skeleton consists of two branches (c) arising from the hinge-plate 
(;>), which pass to the middle of the shell and are then sharply bent 
back and ft)rm a ring(^) parallel and near to the margin of the valve. 
Devonian, Ex. S. hurtim. 

Distribution of the Brachiopoda 

The Brachiopods are all marine, and are found in all 
parts of the world. At the present time they are much less 
numerous than in former periods of the earth's history. 
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there being only about 158 living sjK^cies belonging to -88 
genera; of these species 29 are Inarti dilates, 129 Articu- 
lates, Of the latter grouj) two s|)ecies belong to the Pro- 
tremata and 127 to the Telotreuiata — this being the 
predominating group of Brachiopods at the present day 
and represented by 15 Khynchonellids and 112 Terebratu- 
lids. Many forms occur more abundantly where the sea- 
bottom is rock}^, or stony, or formed of coi’als, than where 
it is soft and muddy; frc'ciiuuitly they are much localised, 
being found in enormous nurnlxu-s at one spot, whilst, in 
the adjoining arenas, they are sj)arsely distributc^d. Over 
70 per cent, of the (‘xisting species are found between the 
shore-line and a depth of 100 fathoms, and several of these 
do not extend beyond this limit. Brachiopods are most 
abundant between 15 and 100 fathoms; th(‘ir relative 
scarcity in the Littoral zone (p. 260) is probably due to 
the fact that most of th(un are attached by the peduncle 
and would easily Ixjcome displaced in the rough waters of 
the shallow sea. As a whole the Brachiopoda are charac- 
teristic of shallow water. Below 150 fathoms they soon 
become comparatively rare; but some species occur in det*p 
water and in abyssjd regions down to 2900 fathoms and 
are characterised by their thin sludls. 

The majority of the Inarticulata a,T-e found between 
low-water mark and a di;pth of 15 fathoms; of the 
remainder, all but one occur between 15 and 100 fathoms. 
The principal littoral genera are Liiujula and Discina, 
which extend from the shore-line to a depth of about 10 
fathoms. The littoral and shallow water species charac- 
terise warm seas, and are more numerous and possess 
thicker and often larger shells than those found in deep 
water and abyssal regions. Crania rangf'S from 2 to 800 
fathoms and is the only Inarticulate genus living in the 
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shallow water of cooler regions, mainly those of the Northern 
Hemisphere. 

The Articnlata, although represented by 15 species in 
water of less than 15 fathoms deep, are mainly charac- 
teristic of depths between 15 and 100 fathoms. The 
Rhynchonellids do not live at depths of less than 15 
fathoms and are found mainly in de^ep water ; they occur 
in nearly all parts of the oceans from the Arctic to the 
Antarctic regions ; some of the species are found in warm 
seas but the majority live in cool waters; some species 
have a restricted geogi*aphical ranges, others occur in several 
provinces, and one (Hevdthyris psittacea) is found through- 
out the greater part of the Northern Hemisphere. In 
depth Hennthyris ranges from 1 5 to 2084 fathoms. The 
Terebratulids are most abundant, both in individuals and 
species, between the shore-line and a depth of 100 fathoms, 
where 67 per cent, of the species are found. 

Geographically, the Brachiopoda which live in compara- 
tively shallow water are distributed in provinces, agreeing 
generally with the Molluscan provinces (p. 268), and these 
can be grouped into larger regions. Each province is 
characterised by the presence or abundance of certain 
species, the ranges of which are determined mainly by 
climate. A few species, as for example Terehratulina caput- 
serpentisy have a very wide geographical distribution, ex- 
tending from polar to tropical regions, and also have a 
great range in depth, the form mentioned being found 
from the shore-line down to 1180 fathoms. 

The species found in deep water have generally a much 
wider geographical range than those confined to shallow 
water ; and the polar or boreal species have a wider range 
than those found in warmer regions, since, in lower latitudes, 
they can find a suitable temperature at greater depths. 
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Brachiopods are very abundant in the Palaeozoic and 
Mesozoic formations, and are usually well-preserved on 
account of the fact that their shell generally consists of 
calcite. Of the 33 living genera not less than 23 are repre- 
sented among fossil forms ; of these Lingula and Crania 
have existed since the Ordovician pciriod, and several 
others {e.g, Acanthothgiis, Megaihyris, Terebratella, Tere- 
bmtulina) since Jurassic times. In connection with the 
remarkably long range in time of Lingula it is interesting 
to note the habitat of th(i living species. Lingula, lives in 
tubes which it burrows in the sediment on the sea-Hoor, 
and is attached to the tube by means {)f the peduncle ; it 
survives when left uncovered by the sea for several hours, 
and can live in places which have become putrid owing to 
the decomposition of organic matter ; further, when buried 
bya rapid deposit of sediment which kills molluscs and other 
brachiopods. Lingula survives by tunnelling to the surface. 

The earliest Brachiopods occur in the Lower Cambrian 
(Olenellus Beds), where at least nineteen genera are re- 
presented, of which Lingulelkiy Paterina, Kutorgina, and 
Obolella may be mentioned. The majority of the species 
found in the Cambrian belong to the Inarticulata ; the 
Protremata are also represented, but do not become im- 
portant until the Upper Cambrian. In the Ordovician 
System the Brachiopods (especially the Articulata) are 
much more numerous than in the Cambrian, and the Telo- 
trernata make their first appearance in the Middle Ordo- 
vician. The Brachiopods attain their maximum develop- 
ment in the Ordovician and Silurian ; their decline begins 
in the Devonian ; in the Mesozoic it is especially marked 
by the reduction in the number of genera, but the Telotre- 
mata are abundantly represented. The chief genera met 
with in the different systems are : — 
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Cariibriaii. Rmtella^ Micromiira^ Ohohis^ Lingnldla^ Lmguhpis^ 
Kutorgina, Oholella^ Orhiculoidea^ A crotrata, Eoorthis. 

Ordovician. Lingula^ LiuguleUa^ Siphonotreta^ Orthi\ Platy^ 
strophia^ Strop/wmena^ Leptinna, 

Silurian. Lingula^ Orhimdoidea^ Airy pa, Orthis^ Dalmanella^ 
Aieristlna^ Rplrlfei\ Cyrtia, lihynchotreia^ ( ■amarotcechia^ WiUonia^ 
Pcntainen^ftj ConaJddi um^ (jypid'ida.^ Stricklandia^ Leptoina^ Rtropho- 
ndht^ Strophomcna^ Chonetes. 

D(3Vonian. Uncit<‘s, Stringocephahis, Atkyris, A trypa^ Dalmandla^ 
Schizophoria., Rldpldonidla, Spirifer, Sutherdfa, Uncihidu.% Ifypo- 
thyrldhia. The first two are confined to tlie Devonian. 

(y\ii‘l)(>nircrou8. Jdngula^ Orhioadoidea, Crania^ Schdlwicnella^ 
Ch(>net(‘,% Athyria^ Ortld^^ {Rc/a.zapltorta)^ Spin.fat^ Marti nln, Eyrdigo- 
t/iyrls^ Produetiu, l)lda.wia^ Puguax. Epirifer aiid Prodvctua are 
] )articularly ;il)undan t. 

Permian. Product Str<tphahma^ Cauiarop/torla^ Spvrife)\ 
Diehmna, 

Mesozoic. Most of the important Palieo/oic genera die out 
before the commencement of tlie Mesozoic pei’iod, but two foiTus 
allied to Paheozoic types are found in the Lias, viz. \ --Spiriferina i\x\d 
CadomdXa. The Mesozoic period is remarkable for the extraordinary 
abundance of Terchratula^ Magdlauia^ Rhynchondla^ and their allies. 
Other genera which occur are Lingula^ ^ Discina^^ Crania^ Thecidea^ 
Tcrebratulinaj and Terehratella — the last four are more abundant in 
the (h'otaccous than in the Jurassic.; in the former Magas and 
Kingena also ociair. RonincHua is confined to the Trias. 

'^fertiary. Brachiopods are very poorly represented ; the follow- 
ing genera, all of which have living representatives, occur in 
Tertiary deposits, but are not common : — Lingula^ TerohraUda^ 
TerdmituHna^ and Magdlama, 
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CycloBtoHiata. 

Trepostomata. 

Cryptostoinata. 

Clieilostoniaia. 

Cteiiostonmta. 


With the exception of the genius fjoamoma all the PolyzoaV 
are colonial animals, numerous individuals living in associa- 
tion. The colony is nearly always fixed, and may be arbores- 
cent, laminar, almost massive, or encrusting shells, stones, 
or plants. The entire colony is known as the zoariar)i\ each 
individual (fig. 102 A) has a sac-like form; at the upper 
end there is a platform or disc, the lophophore, on which 
tentacles (0 are placed, arranged either in a circle or in 
the form of a hors(5-shoe. In most forms the tentacles are 
not contractile, but are provided with cilia, which produce 
a current of water that conveys food to the mouth (o). 
The anal aperture (a) is near the mouth, generally below 
the lophoj)hore, but in some formsL within the circle of 
tentacles. On account of this approximation of the mouth 
and anus the alimentary canal is bent into a U-shape; in 
it may be distinguished (esophagus (oes), stomach (s^), and 
intestine (int). Between the alimentary canal and the 
body-wall is a spacious body-cavity. The nervous system 
1 The name Bryozoa is used for tliis Phylum hy many authors. 
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consists of a single ganglion (g) placed on the side of the 
(Bsbphagus facing the intestine. The polyzoa multiply by 
budding and sexually, and are generally hermaphrodite. 
Heart and blood-vessels are absent. 

The structures described above form together what is 
known as the polt/pide; this is contained in the body- wall 



Fig. 102. A. Diagram of the structure of a single Polyzoan individual. 
Sf body- wall; tentacles; o, mouth; oes^ oesophagus; stomach; 
int, intestine; a, anus; g, ganglion; /, funiculus; or, ovary; tes- 
tis. B. Avicularium of enlarged, b, beak; rad, mandible; 

(7, chamber ; jp, peduncle ; orn, occlusor muscles ; d/n, divaricator 
muscles. (After Hincks.) 

or zowcium . The outer layer of the zocecium, known as 
the ectocysity generally becomes hardened by calcareous or 
chitinous matter, and after the death of the animal this 
alone remains ; its surface is usually ornamented* with ribs 
etc. The anterior part of the polypide can be withdrawn 
by means of longitudinal muscles into the zocecium, just 
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as the finger of a glove can be pulled into the hand. In 
some Polyzoa (the Cyclostoinata, etc., fig. 103 B) the 
zooecium, is tube-like, the aperture is at the end i«nd is of 
the same diameter, or nearly so, as the rest of the tube. 
In others (the Cheilostomata, fig. 103 A) the zocecium is 
more or less box-shaped, the aperture (rn) is contracted 
and is not terminal, but is situated in front near the 
anterior end, and is provided with a movable lid or oper- 
culum. In many of the Cheilostomata there is at the 
anterior end of the zocecium, above the aperture, a pro- 



Fig. 103. A. Portion of Smittia landshorovi, a Cheilostomatoiis Polyzoan, 
Becent. o, ooscium; w, aperture of the zooecium; avicularium. 
B. Portion of 'TuhuUpora fimbria^ a Cyclostomatoiis Polyzoan, liccent. 
Enlarged. 

jecting chamber (o), termed the ovlcell, into which the 
ova pass. In many forms of Cheilostomata some of the 
individuals are modified so as to form appendages termed 
avicularia and vibracula. The avicularium (fig. 102 B) 
may be sessile or placed on a pedunck (p), and in the more 
specialized forms has somewhat the appearance of a bird’s 
head, consisting of a chamber (C) produced into a beak anp 
provided with a mandible {mrl) which is kept constantly 
snapping by means of muscles in the chamber. The vibra- 
culum consists of a long seta kept in motion by means of 
muscles at its base. The individuals of a colony may co m 
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municate with one another, either directly, or by means of 
cortimunicaiion-plates ; these are portions of the zocecium 
which •are thinner and perforated. The surface of the 
zooecium may be smooth or punctate, or ornamented with 
spines, granules, or ribs. 

The Polyzoa are divided into two classes, (1) the Ecto- 
procta, (2) the Entoprocta. The Ectoi)rocta only are found 
fossil. 


CLASS T. ECTOPliOCTA 

^Fhe anal ajK^rturo is not situated within the area of 
the lo})ho])hore. There are two orders, (1) the Phylacto- 
laana, (2) the (Jymnohema. 

ORDEK I. PUYLACTOTj^MA 

The lophophoiH^ is horse-shoe-shaped. There is a tongue- 
shaped lip in front of the mouth, known as the epistome. 
The forms included in this order are found only in fresh- 
water and do not occur fossil. 

ORDER II. GYMNOL.EMA 

The lophophore is circular, and there is no epistome. 
There are five sub-orders, (1) Cyclostoinata, (2) Treposto- 
mata, (3) Cryptostomata, (4) Cheilostomata, (5) Ctenoato- 
rnata. The last is not known in the fossil state; the second 
and third are extinct. 

SUB-ORDER 1. CYCLOSTOMATA 

The zo(X:5cia are calcareous and tubular, and seldom 
divided by transverse partitions ; as a rule all are of one 
size, since mesopores, acanthopores, avicularia, and vibra- 
cula are generally absent; the apertures are round and 
terminal, not constricted and not j)rovided with an oper- 
culum. There may be a brood-pouch, formed of one or 
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more modified zomcia. Such a brood-pouch is called an 
ooeciwm, and is a gona^cinm if composed of one, or a (jono- 
Cfjst if of more than one zomcium. But ovicells, such as are 
characteristic of the Cheilostomata, and are not modified 
individuals, are never present. 

Stomatopora. Zoarimn oncriistiug, of hnindiiiig rows of 
ziKWcia in single file. Ordovician to i)re.scnt day ; coiiirnon in 
Jurassic and Cretaceous. Ex. S. gmmdata^ Cretaceous. 

Berenicea. Zoarium a thin, flat, encrusting sheet — discoid, 
fan-shaped, or irregular. Zooocia simple, tubular, arranged in irregu- 
larly alternating lines. ()rdovi(;ian to j>rcsent day - common in the 
Jurassic and Ch‘etaceoiis. ICx. B. diluviana^ TJasto Oxfordian. 

Idmonea. Zoarium encrusting or erect. Zocecia arranged in 
alternating transverse rows on one face only of the zoarium. Jurassic 
to present day. P3x. /. hagenowi^ Lower (Treensand. 

Entalophora. Zoarium of erect cylindrical branches, with 
the zocecia opening on all sides of the branch aiid arranged irregu- 
larly or quincuticially. Jurassic to present day. Ex. A’, virgula^ 
Cretatjeous. 

Theonoa { — Fim'ienluria). Zoarium large, generally massive 
and globose. Zottana in the form of long tubes, with horizontal 
tabuhe, in conbict laterally, and forming bundles which are either 
distinct and radiate from the base to the periphery, or fuse into 
lamiiue which intersect. Jurassic to Pliocene. ICx. T, anrantiitmy 
Coralline Crag. 


SU15.0KDEK 2. TKEPOSTOMATA 
The zocecia arc calcareous, tubular, with transverse 
partitions, and of two sizes, the smaller apertures being 
known as mesopores and acanthopores] avicularia and vibra- 
cula are absent. The apertures of the zocecia are round, 
polygonal, or irregular, and terminal and without opercula. 
Ooecia are absent. The Trepostomata are found chiefly in 
the Palaeozoic formations, but a few genera linger on until 
the Cretaceous. 
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Monticulipora. Zoarium generally massive or lobate, covered 
with little raised portions called ‘monticules.* Zooecia polygonal, 
with thin walls. Ordovician and Silurian. Ex. M. papillata, 
Silurian. 


SUB-OllDEll 3. C11YPTOSTOMA.TA 

The zoojcia are calcareous and tubular, often with 
transverse partitions, and often of two sizes. Avicularia 
and vibracula are absent. The external orifices of the 
zooecia are round, but these are not the true apertures; 
the latter are situated at the bottom of a tubular vestibule, 
the round orifice of which is seen on the surface of the 
zoarium. Probably a chitinous operculum covered the true 
aperture, but it is never found in the fossils. Ooecia are 
absent. The Cryptostomata range from the Ordovician to 
the Permian. 

Fene stellftt Zoarium funnol-shapod or fan-shaped. Branches 
straight, united by cross-bars, so as to form a network. The cross- 
bars do not bear zoojcia. On each branch there is a median ridge or 
Carina, on the sides of which the zocecia occur. Openings of zooecia 
round. Ordovician to Permian. Ex. F. plebeia^ Carboniferous. 

Rhabdomeson. Zoarium of cylindrical branches with an axial 
tube to which the proximal ends of the zotxjcia are attached; the 
surface is divided into rhombic areas, arranged regularly, in the 
middle of which are the round orifices. Carboniferous. Ex. H. 
rliomhiferum, 

SUB-OllDER 4. CHEILOSTOMATA 

The zomcia are sometimes calcareous, sometimes horny, 
often both ; they are more or less box-shaped, never 
tubular; and not divided by transverse partitions. Zooecia, 
differing from the normal forms in size and shape, and 
modified for protective purposes, are often present, and are 
called avicularia and vibracula — according to whether their 
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function is to pinch or to sweep away foreign bodies which 
would settle on the zoarium. The apertures of the zooecia 
are contracted and not terminal, of varying outline, and 
provided with a movable operculum, which being horny is 
not found in fossil specimens. Globular ovicells are often 
present; these are not modified individuals, but outgrowths 
in front of the distal end of each zooecium. The Cheilo- 
stomata range from the Jurassic to the present day, but are 
rare in deposits earlier than the Chalk. 

Membranipora. Zoarium encmstiug or erect ; the toj) of each 
zo(Bcium is covered with a chitiiioiis membrane in which is situated 
the aperture ; consequently in fossil specimens each zooecium has a 
rim enclosing an unroofed space ; the rim may ho ve spines around 
it. Jurassic to present day. Ex. M. elliptka^ Chalk. 

Cribrllina. Zoarium usually cncnisting. Zooecia as in Mem- 
hranipora, but the spines of the rim meet and fuse with their 
neighbouring and with their opposite fellows, and form an incomplete 
roof over the zooecium. Tertiary and present day. Ex. C, punctata. 
Coralline Crag to Recent. 

Pelmatopora. Like Crihrilina, but the costae, of spines that 
form the front wall, are very coarse, and their broken upturned ends 
form a row or rows of hob-nail-like markings on each side of the mid- 
line of the front wall. Upi)er Cretaceous. Ex. P. solearis. Chalk. 

Micropora. Zoarium encrusting. Zomcia with an encircling 
rim as in Membranipora, but the chitinous roof is replaced by one of 
carbonate of lime ; and this roof is perforated by two holes, one on 
each side, near the rim and proximally to the orifice. Ci’etaceous to 
present day. Ex. M. cribriformis. Barton Beds. 

Cellepora. Zooecia heaped irregularly upon an irregular en- 
crusting or erect zoarium ; the front wall entirely calcareotis and very 
convex ; the aperture terminal, more or less round, always accom- 
panied by one or more small avicularia ; in addition larger avicularia 
are often present between the normal zooecia. Tertiary to present 
day. Ex. C. tuhigera. Coralline Crag. 
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Distribution of the Polyzoa 

By for the larger number of the Polyzoa are marine; 
they occur both in shallow and deep water. The deep- 
water forms belong mainly to the Cheilostomata ; a few 
Ctenostomata occur at considerable depths, but the §|roup 
is characteristic of shallow water. The Cyclostomat-a are 
comparatively rare at the present day, except in the 
Northern seas. The conditions under which the extinct 
Trepostomat/a and Cryptostomata flourished best are not 
known. 

The earliest Polyzoa occur in the Ordovician rocks. 
Nearly all the Paheozoic genera are. extinct; they belong 
mainly to the Trepostomata and Cryptostomata. The 
Cyclostomata arcj represented by a few genera in the 
Paheozoic ro(!ks, and become increasingly abundant in the 
Mesozoic, attaining their maximum in the Upper Cretaceous. 
A few Cheilostomata have been recorded from the Jurassic 
rocks, but the group does not become abundant until the 
(hx'taceous period ; in the Tertiary it is better represented 
than the Cyclostoniata. Very many of the Pliocene forms 
belong to species which arc still living. 

The chief genera found in the different systems are : — 

I’aliwozoic. Archimedes^ Fencstella^ Uemitrypa^ Monticulipora^ 
Phmatopora^ Polypora^ Piilodictya^ Rhahdomeson^ Thamniscus. 

Jurassic. Berenicea, Ceriopora, JHastopora^ Entalophora^ llap- 
locecia^ Idmonca,, Prohoscina^ Bpiropora^ Stoniatopora, 

Cretaceous. Crisma, Diostopora^ Eiitalophora, Heteropora, Lu^ 
7iulite8y Membrampora, Onychocella^ Pclmatopora^ Prohoscina, Stoma- 
topora. 

Eocene. Homera^ Tdmmiea, Membrampora. 

Pliocene. Alveolaria^ Cellepora^ Cribrilina^ Homera^ Lepralia^ 
Memhranipora^ Theonoa 
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Clauses, 

1. Lamellibranchia. 

2. Gasteropoda 

3. Scaphopoda. 

4. Ceplialopoda 


Sub-Classes. 

1. Isopleura. 

2. Anisopleura . . 

Orders. 

1. TetraUraricliia 

2. Dibranchia ... 


Orders. 


j 1. StreptoDOura 
I (Prosobrancbia). 

I 2. Euthyneura. 

Sub-Orders. 

1. Nautiloidea. 

2. Ainmonoidea. 

1. Decapoda. 

2. Octopoda. 


The nmjority of the molluscs (oysters, whelks, cuttlefish, 
etc.) are marine, but some live on land, others in fresh- 
water. Unlike the worms and arthropods, they are 
unsegmented animals, and they bear no serially repeated 
appendages. Typically th(i body is bilaterally symmetrical, 
and there is consequently a repetition of the same organs 
on each side ; but in most gastero})Qds this symmetry is 
more or less completely lost. From the dorsal surface arises 
a fold of the skin forming what is known as the mantle ; 
this generally secretes a calcareous shell, consisting of one 
or two (occasionally more) pieces. On the ventral surface 
of the body is the foot — a muscular organ used in locomo- 
tion. In most cases respiration takes place by means of 
gills, which are placed in the cavity enclosed by the 
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mantle. A heart is present, and is placed on the dorsal 
surface; it consists usually of a ventricle and two auricles. 
The mouth is situated anteriorly, and, except in the 
larnellibranchs, is provided with a rasping organ, the 
odontophore) the anus, in typical forms, is placed posteriorly. 
Renal organs (nej^hridia) are present and place part of 
the body-cavity in communication with the exterior. The 
nervous system consists of a ring round the oesophagus, 
and usually of three main groups of ganglia, from which 
nerves are given off. Only sexual reproduction occurs; 
most forms are unisexual, a few hermaphrodite. 

The Mollusca are divided into four classes: — (1) 
Lamellibranchia, (2) Gasteropoda, (8) Scaphopoda, (4) 
Cephalopoda. 

CLASS T. LAMELLIBRANCHIA 

In the lam ell i branch, as in the brachiopod, the,, shell is 
generally calcareous and consists of two valves, but these 
instead of being dorsal and ventral as in the latter, are 
placed one on the right, the other on the left side of the 
bf)dy, and the two are joined together by means of a hinge 
and a ligament at the dorsal margin. The interior of 
the shell is lined by a fold of the skin, the mantle (fig. 104, 
m), which is divided into two lobes, one being placed in 
each valve. In the middle of the space enclosed by the 
mantle (the mantle-cavity) and projecting from the ventral 
surface of the visceral mass, is the foot (/). This is a 
laterally flattened muscular organ, frequently hatchet-^ 
or ploughshare-shaped, and is used for crawling, or for 
bun’owing in sand or mud. Sometimes, as in the case of 
Trigonia, by means of a rapid movement it enables the 
animal to jump to a considerable distance. In the genus 
1 Hence the nnmo Pdecypoda used some authors for this class. 
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Mytilus the foot is very much reduced; in others which 
have lost the power of locomotion (e,g. Ostrea) it is absent 
altogether. On the posterior part of the foot there is in 
some genera {e.g, Mytilus ^ Pinna, Area) a gland which 



Fig. 104. Mya areiiaria. The left valve and mantle and half the siphons 
have been removed, a, anterior adductor muscle; a', posterior 
adductor; 6, visceral mass; c, cloacal chamber into which the anus 
opens; /, foot; g, branchiae; /i, lieart; wi, cut edge of the mantle; 
0 , mouth; p, edge of mantle; s, branchial siphon; s', anal siphon; 
t, labial palps; r, anus. (From Woodward.) 


14—2 



212 


MOLLUSCA. LAMELLIBEANCHIA 


secretes a bundle of homy fibres, known as the hyssusy by 
means of which the animal moors itself to foreign objects. 
On each side of the foot, between it and the mantle, and 
attached to the body dorsally, are the gills or branchiae 
(fig. 104, g)] these consist of filaments which usually become 
connected so as to form leaf- or plate-like bodies, whence 
the name Lamellibranchia. 

In some forms the margins of the two mantle-lobes 
although in contact are not united, and when this is the 
case there are usually at the posterior margin two openings 
leading from the exterior to the mantle-cavity ; these are 
produced by adjoining excavations or notches in the two 
lobes of the mantle. A current of water, caused by the 
cilia on the gills and mantle, flows in through the ventral 
opening, and provides the animal with food and oxygen ; 
another current Hows out through the dorsal opening, 
carrying with it fiecal matters. In many cases, however, 
the two lobes of the mantle aie fused at one or more 
points; this union occurs between the exhalent and inhalant 
openings, and also, in many forms, below the latter opening. 
In this way the mantle becomes a kind of bag, having three 
openings, a ventral fcg™ the protrusion of the foot, and two 
posterior for the inhalant and exhalent currents of water. 
Frequently, at the posterior openings, the mantle is greatly 
produced so as to form two complete tubes, known as 
siphons (fig. 104, .9, s ') ; these are sometimes free, sometimes 
united, and may be as much as four times the length of the 
shell. The ventral is generally the longer; it is furnished 
with tactile papillae, and is known as the branchial siphon 
(fi), the dorsal being the anal siphon {s'). In many forms 
the siphons can be withdrawn into the shell by means 
of muscles. Occasionally, as in Teredo the siphons are 
surrounded by a calcareous tuba 
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The shell can be closed by means of the adductor 
muscles (a, a'), which pass from the interior of one valve 
to the other. In many genera there are two addftctors, 
and these forms are frequently spoken of as the Dim yaii a ; 
others, known as the Mons^iiyjixria, possess one adductor 
only, and when this is the case it is the posterior which 
is present, the anterior having atrophied ; this occurs in 
the oyster, but in this, and in all other forms so far as is 
known, the anterior muscle is present in the young state. 

In the lamellibranchs there is no head, hence the class 
is sometimes spoken of as the Acep hala. The mouth (o) 
is in the middle line of the body, ventral to the anterior 
adductor muscle, and is not provided with organs of masti- 
cation. At each side are two leaf- like processes, the labial 
palps (t). The mouth leads into a short (esophagus, which 
passes into a globular stomach surrounded by the liver; 
next is the intestine, which, after undergoing many con- 
volutions in the foot, reaches the dorsal surface of the body, 
where it passes through the pericardium and is surrounded 
by the ventricle of the heart. The anus (v) is situated 
dorsally to the posterior adductor muscle. The nervous 
syst(3m usually consists of three pairs of ganglia. One pair 
is placed at the sides of the mouth and is connected by 
nerve-cords with a pair in the foot, and with a third pair 
placed beneath the posterior adductor muscle. From these 
ganglia nerves are given off to the muscles, gills, etc. 
Tactile organs are present on the margin of the mantle 
and especially on the ventral siphon. In some forms eyes 
occur at the ventral margin of the mantle-lobes ; they are 
especially well-developed in the genus Ftcten. The heart 
{h) is placed dorsally, just below the hinge, and is sur- 
rounded by a large pericardial cavity ; it consists of two 
auricles, and a ventricle, which, as already mentioned, 
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extends round the intestine. The renal organs consist of a 
pair of glandular tubes underneath the pericardium. In 
almost all cases the sexes are separate, but a few forms are 
hermaphrodite. 

As already mimtioned, the two valves of the shell are 
on the sides of the animal. The margin near the hinge 
(fig. 105, B, d — 1) is dorsal, the opposite (?;), where the 
valves open, is ventral ; that near the mouth is anterior (a), 
that near the anus and siphons posterior (p). In the 
majority of casi^s the two halves are equal or almost equal 



1.05 Martrix (Callista) chionc, ilecent. A. Dorsal view of the two 
valves. 13. Intovior of left valve, xj. o, anterior border; />, pos- 
terior; d, dorsal; v, ventral ; /«, liinule; «, umbo; Z, ligament; 
on, anterior adductor impression ; pa, posterior addnch)r ; pi, pallial 
line ; a, pallial sinns ; w, .r, y, cardinal teeth ; z, anterior lateral 
tooth. 

in size, and each valve is generally inequilateral. But in 
some (e.g, Pectunculm) the shell is nearly equilateral, and in 
others {e.g, Ostvea) it is inequivalve. When the shell is 
equilateral the direction of greatest growth is perpendicular 
to the hinge-line; when inequilateral the direction is 
oblique to the hinge-line. Each valve may be regarded 
as a greatly depressed hollow cone, the apex of which forms 
the umbo (fig. 105 A, u ) ; these umbones are sometimes 
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straight {e.g, Pecten), but generally curved towards the 
anterior margin ; in a few genera (e,g. Niicula, Trigonia, 
Exogyra) they are directed posteriorly ; in Diceras they 
are spiral. Sometimes there is in front of the umbones, 
and bounded by a groove, an oval depressed area (la), half 
being on each valve ; this is termed the IjULuIe^ Behind 
the umbones there is sometimes a somewliat similar, but 
larger area, known as the escatcheon. 

In the interior of the valves various markings, produced 
by the union of the muscles with the shell, may be noticed 
(fig. 105 B). The adductors form oval, round, or sometimes 
elongated depressions (the adductor itnpressio^iH, aa,pa)\ 
in the Dimyaria there are two in each valve, one being 
near the anterior border, the other near the post(irior; in 
the Monomyaria the single a<lductor impression is usually 
near the middle of the valve. When, as in the genus Mya, 
the two muscles are placed at equal distances from the 
hinge-margin, they arc of nearly the same size, since on 
account of their position th(jy are ecpially efficient in closing 
the valves ; but in forms like Mytiias, where the sh(‘ll is 
very inequilateral and the anterior muscle is close to the 
umbo but the posterior at a considerabh^ distance from it, 
the latter is much larger than tlu^ formej*, since it is placed 
in a more advantageous y)osition for closing the valves. 
For the same reason the single muscle of the Monomyaria 
is attached near the centre of the valves. Less important 
than the adductor impressions are Those produced by the 
muscles for the movement of the foot (protractors and 
retractors) ; these occur close to the anterior and posterior 
adductors. Passing from one adductor impression to the 
other in each valve is a linear depression, caused by the 
attachment of the muscles of the mantle to the shell, and 
known as the line (pi). In some forms this line runs 
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evenly between the two adductor impressions and parallel 
with the margin . of the valve ; it is then said to be sim^U 
or eMir§, But in those genera which possess retractile 
siphons the pallial line bends inward just before reaching 
the posterior adductor ; this indentation is known as the 
pallial jinus (s), and is caused by bending inwards of the 
part of the pallial muscles which serve for the retraction 
of the siphons. 

. The hinge is formed by projections known as teeth, 
which alternate in the two valves, the teeth of one valve 
fitting into the depressions between those of the other. 
The margin of the valve on which the teeth occur is known 
as the hmge-line; generally it is curved, but in some genera 
it is straight {e.g. Area). Several types of hinge may be 
recognised: — (1) Taxodont: the teeth are numero us and 
more or less s imilar in form and s^ize. e.g, Nticula (fig. 100 A). 
(2) Dysodoiit : the teeth are of a simp le type, and are 
developed from internal ribs at the margin of the valve ; 
the hinge-margin may be simple or somewhat thickened, 
e.g. Mytilus. (3) Isodo7it: there are tvyo strong teeth of 
equal size i n each valv e, which fit into corresponding 
sockets in the other valve; between the teeth is a median 
ligament-pit, e.g. Spondylu.s (fig. 106 1), E). (4) Schizodont: 
the teeth are few in number , tjiu:k, and sometimes g roov ed; 
the middle tooth in the left valve is often bifid, e.g. 
Trigonia (fig. 106 B, C). (*5) Heter'pdant : the teeth ar e few 
in number and not all of uniform shape and size; some 
(usually two or three) are placed imniediately under the 
\umbo and are known as the cardinal teeth, others, termed 
fQi§T<^ls> are placed in front of and behind the urnbo, forming 
|)he anterior and posterior laterals ; some or all of the 
cardinals or of the laterals may be absent; the hinge- 
margin is usually extended as a vertical lamina or Mnge- 
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pldte (fig. 106 F) on which the teeth are borne, e,g, 
Meretrix, (6) Desmodont : true teeth and a hinge-plate 
are absent, but onT^or more laminae or ridges are developed 
at the hinge-margin, e.g, Pleuromya. (7) In some genera 
teetjsijire^j^sent ; this may be a primitive character, as in 



Fig. 106. Some types of hinge. A. Nucula. a, anterior adductor ; 
posterior adductor ; ligament-pit. B, C. Trigoma. B, right 
valve with two large striated teeth; C, left valve with three teeth. 
D, E. Siwndylm. D, right valve ; E, left valve, a, ft, teeth ; 
c, d, sockets into which the teeth fit ; e, area ; Z, ligament-pit. F. Lu- 
cina (right valve), a, anterior lateral tooth ; ft, cardinal tooth ; c, pos- 
terior lateral tooth; Z, ligament. G. lAitraria (left valve), a, strong 
A-shaped cardinal tooth; Z, process to which the ligament is attached. 
All drawn from recent specimens. 


Orammysia.OT the result of degeneration as in Ostrea and 
Anodonta. 

In some genera {e.g. Area) there is, between the hinge- 
line and the umbo of each valve, a flattened triangular 
part of tlie shell, known as the qrea (fig. 106 D, e); when 
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this is present the umbones of the two valves are of course 
widely separated. The lunule and escutcheon (p. 215) 
appear to represent the anterior and posterior parts of the 
area. Some lamellibranchs (e./jr. Pecten) have, on each side 
of the umbo, triangular or wing-like extensions of the shell, 
known as ears. 

In the brachiopods the valves are opened by divari- 
cator muscles, but in the lamellibranchs the work of these 
imuscles is jDerformed by the ligament. This consists of 
jtwo parts, the external (fig. 105, /), and the internal (some- 
times erroneously termed the cartilage) (fig. 100 G,l). One 
or other may be absent. The ewtenud ligament is com- 
posed of horny material; it is placed at the hinge-margin, 
usually posterior to the umbones, and is frequently at- 
tached to more or less prominent ridges; in some gtmera 
(Peciunculus) the external ligament extends both in front 
of and behind the umbones. The internal ligament con- 
sists of parallel elastic fibres, and is placed in grooves 
or sockets along the hinge, so that when the valves are 
closed it is compressed, and, being clastic, tends to force 
the valves apart — its action is similar to that of a piece of 
indiarubber j)laccd in the hinge-line of a door. The ex- 
ternal ligament acts like a C-spring, and is bent when the 
vaJves are closed. Consequently, in order to open the shell, 
the anim.al has merely to relax its adductor muscles. Occa- 
sionally the ligament is preserved in fossil specimens, 
y;;:: The length of a lamellibranch shell is measured from 
the anterior to the posterior margin (fig. 105 B, a — p), the 
breadth or height from the umbo to the ventral margin 
{d — v\ the tlnclcness from one valve to the other at right 
angles to the lines of length and breadth. 

The shell is secreted by the mantle; its structure varies 
in different groups. In some genera it consists of two 




Fig. 107. Vertical section of the shell of a recent Unlo, cut in a radial 
direction from the umbo ; the right-hand side of the section is near 
the ventral margin. pearly or nacreous layer, in which the later 
lamellas overlap the earlier and extend on to (b) the prismatic layer; 
c, periostracum. x 10. 


outer is the prismatic layer (figs. 107 6, 108), and is com- 
posed of prisms placed more or less nearly perpendicular 
to the surface of the shell, each 
prism being encased in a thin 
membranous sheath, which can 
be isolated by dissolving the cal- 
careous part of the shell in acid. 

The external surface is covered 
by a green or brownish horny 
layer (c), the periostracum (fre- 
quently referred to as the ‘epi- 
dermis’). The prismatic layer is 
formed by the margin of the mantle 
only; the pearly layer by the gene- 
ral surface of the mantle, and this 



Fig. 108. Section of pris- 
mat’c layer of recent 
Pinna ^ parallel to the 
surface of the shell and 
at right angles to the 
prisms. Magnified. 
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layer gradually encroaches on the former, which consequently 
cannot afterwards increase in thickness, whereas the pearly 
layer may do so throughout the life of the animal. The 
pearly layer is absent in many forms, and the prismatic 
structure of the outer layer may be indistinct or altogether 
wanting, and this layer has then a porcellanous appearance. 

I Sometimes the shell consists entirely of aragonite or of 
Icalcite ; in other cases one layer may be of calcite the 
jother of aragonite. 

The surface of the shell may be smooth, or may be 
ornamented with radiating or concentric ribs and striae, or 
with tubercles, or spines. Often the exterior shows con- 
centric lamelke, which represent periods of growth. The 
part of the shell at the umbo is that which was first formed, 
and often differs in ornamentation and form from the other 
parts. The margins of the valves may be smooth or crenu- 
lated; sometimes, as in some species of Pecteriy the entire 
shell is corrugated, thus increasing its strength without 
materially adding to the weight. In many genera the two 
valves can be completely closed, in others they are always 
open at some part, and are then said to be gaping) this 
gape occurs most frequently at the |)osterior end, but some- 
times also anteriorly. Sometimes the small embryonic 
shell, known as the prodissoconch, is found at the umbo 
of the adult shell; this represents the protegulum of the 
Brachiopods (p. 1 80) and the protocoiich of the Gastero- 
pods and Cephalopods. 

In order to be able to distinguish the right and left 
"Valves we must determine first the anterior and posterior 
margins. When the soft parts of the animal are present 
this is easily done; but when the shell only is before the 
observer the points to be noticed are the following: — 

(1) The umbones are generally directed anteriorly; 
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and in inequilateral shells, the posterior part 
of the valves is, with only a few exceptions 
{Nucula, Lima), longer than the anterior part. 

(2) The luniile is anterior to the umbones. 

(*1) The external ligament is commonly posterior to 
the umbones, and is never entirely in front of 
them. 

The pallial sinus is posterior. 

(5) When one adductor impression only is present, it 

is the posterior. 

(6) When one adductor impression is distinctly lai’ger 

than the other, the larger is the posterior. 
Having found the anterior and posterior margins, the shell 
should bo placed with the dorsal surface uppermost and 
the anterior margin pointing away from the observer, then 
the right and left valves will be on his right- and left-hand 
sides respectively. 

Most of the lamellibranchs are free, but a few forrxis, 
such as the oyster, are permanently attached by one valve, 
which has been secretcjd by the mantle directly on to a rock 
or some other object to which it adheres firmly. In some 
cases the right valve is fixed, in others the left. The 
shell in these forms becomes irregular and the fixed valve 
is larger and thicker than the free valve. Other genera 
are attached by means of a byssus (p. 212), which often 
passes out through a notch or sinu^s in the margin of one 
or both valves — such forms tend to become inequilateral. 
In the free forms, movement takes place usually by means 
6f the foot, but some genera {Fecten, Lima) move by the 
rapid opening and shutting of the valves. A few are capable 
of making borings into various substances; thus Teredo, 
the ship- worm, bores into wood, Lithodonius and Saccicava 
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into limestone, and Pholas into various materials, such as 
sandstone, limestone, gneiss, peat, arid amber. Wood j[>er- 
forated by Teredo has been found fossil in various formations 
of Eocene and Oligocene age. 

The features which more especially characterise the 
lamellibranchs as a class are: the absence of a head and of 
organs of mastication, the bilateral symmetry, the division 
of the mantle into two lobes, the bivalve shell and the 
lamellar gills. Although at first sight the shell appears 
to resemble closely that of the brachiopods, it differs in 
several important respects: — (1) the valves are right and 
left, instead of doivsal and viiiitral, (2) they are generally 
iue<pii lateral and (icjui valve, (8) teeth occur on both valves, 
(4) a ligament is present, (5) the umbones are never per- 
forated fora peduncle, (6) th(^ microscopic structure of the 
shell is different. 

Various cjassificatums of theL^^^^^^ have been, 

from time to time, proposed. By Lamarck this class was 
divided into the the IHviyaria, defending 

on the presence of one or two adductor muscles. Between 
these two groups, however, there are numerous interme- 
diate forms in which the anterior muscle is smaller than 
the posterior; and, further, one genus (Dimi/a), which in 
other respect agrees with some of the Monornyaria pos- 
sesses two adductor muscles. A third division, the Uele- 
romyarla^ was established for the genera in which the 
anterior adductor is small, but its limits are not well de- 
fined, and moreover, in Mytihts it is found that whilst in 
M. edulis both muscles are present, in the closely allied 
species, M, latus, the anterior adductor is absent. Another 
classification, which was suggested by Fleming, was based 
on the gre^njj^ j)r absen<?.Q. the two groups 

being termed the S ’^nmida and the the former 
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has been further divided according as to whether the pal- 
Tial line is entire (hitegripalliata) or provided with a sinus 
{Sinupalliata), Neuraayr, Dali, and others have divided 
the larnellibranchs into groups based largely on the cha- 
racter of th e hinge (p .216); whilst the classification brought 
forwanl by Pelseneer, is founded on the form and structure 
of the gills. The divisions which are provisionally used 
in the following pages are siniilai* to those proposed by 
Noumayr. 

^ 1. Hinge taxodont. Two nearly equal adductor muscles. 

Siphons usually wanting. 

• Nucula^ (tig. lOG A). Shell eqiiivalve, trigonal or oval, closed, 
l>osterior side very .short; uniboneH directed posteriorly. Surface 
siiiooth or ornarnent(}<l. Interior nacreous. Margins of valves sniooth 
or creuulated. Hinge angular, with a median internal triangular 
ligament-pit, and numerous sharp teeth. Adductor im})ressionH 
nearly equal. Pallial lino simple. Silurian to present day. Ex. 
N, hammeriy Lias ; N. dia^oni, Brackle.sham Beds. 

Nuculana { = Leda). Similar to Nucula. Posteriorly the 
shell is produced and pointed, and provided with a ridge or carina. 
Pallial line with a small sinus. Margins smooth. Lunule lanceolate. 
Silurian to present day. Ex. N. lachrymay Inferior Oolite to (yVjrn- 
brash ; N. candatay Pliocene to present day. 

Ctenodonta. Shell oval or elongated, nearly ecpiilateral, 
smooth or with concenti’ic strim. Idgainent external. No area. 
Hinge curved or angular, with numerous small teeth. No internal 
ligament-pit. Pallial line simple. Cambrian to Carboniferous. Ex. 
C. pectmiculoidcSy Ordovician. 

Arc^,. Shell thick, generally equivalve, sub-quadrangular, ven- 
tricose, ornamented with radiating ribs and concentric stria) ; margins 
smocjth or dentate ; closed or gaping ventral ly. Hinge straight, 
with numerous, small, equal, transverse teeth. CJmbones prominent, 
.separated by the large areas, which have numerous ligamental grooves 
converging from the hinge-margin.s to the urnbones. Adductor 

1 All the genera of Mollusca described are marine unless otherwise 
stated. 
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impressions sub-equal, the anterior rounded, the ]tK)stenor divided. 
Pallial line simple. Jurassic to present day. Ex. A. tetragona^ 
Pliocene to present day ; A. granosa^ Recent. 

Cucullsa. Shell similar to Area ; ventricose, sub-equilateral, 
valves closed. Hinge with short central transverse teeth, and two 
to five lateral teeth nearly parallel to the hinge-margin. Posterior 
adductor fixed to a thin raised plate. Jurassic to present day. Wide- 
spread in the Mesozoic. Living in the Indian Ocean and China Sea. 
Ex. C, fifjrosa, Upi)er Creensand. 

— Glycimerijt^ Axintm). Shell thick, solifl, sub- 
"brbicular, equivalve, ahntwj. equilateiia^ Surface smooth or radially 
striated. Ijigarneiit external, on the are/i. Umbones central, slightly 
curved posteriorly ; a snaill triangular area provided with diverging 
grooves for the ligament. Hinge arched or semicircular, with a row 
of numerous, small, strong, transverse teeth, obliterated at the centre 
in the older forms by the growth of the area. Margins crenulate 
inside ; adductor im[)rossions sub-equal — the anterior siib-triangular, 
the posterior oval or rounded. Pallial line with a very small sinus. 
Cretaceous to present day. Ex. l\ glychnerisy Pliocene to present day. 

2. Hinge dysodont, but teeth sometimes rudimentary 
or absent. Anterior adductor smaller than the posterior, 
sometimes absent in the adult. Pallial line simple. 

MytilUS. Hlicll thin, equivalve, very inequilateral, elongated, 
Hub-tnanguiar, posterior border rounded; with a small gape for the 
well-developed byssus. Uinl.K)iie8 sharp, terminal, anterior. Teeth 
small or absent. Ligament linear, marginal, sub-internal. Anterior 
adductor impression small, placed near the umbo ; posterior large ; 
pallial line simple. Trias to present day. Ex. J/. eduluy Pliocene to 
prcvsent day. 

Shell similar to Mytilus^ but oblong, inflated in front. 
tJinbemes obtuse, anterior, but not terminal. Devonian to present 
day. Ex. M. modiolay Recent ; M. imbricatay Inferior Oolite. 

XiithodomUS Lithophayus). Shell similar to Modiola ; sub- 
cylindrical, rounded in front, wedge-like behind. Lithodomu$ bores 
into limestone, etc. Carboniferous to present day. Ex. L, inclmusy 
Inferior Oolite to Corallian. 
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Modioloplla. Slwll thin, smooth, elongate, very inequilateral, 
anterior part small, posterior part enlarged. Uinbones nearly 
terminal, close together; a depression crosses the valves obliquely 
from the umbo. No teeth. Anterior adductor impression deep; 
posterior adductor large, faintly marked. Ordovician and Silurian. 
Ex. if. modiolaris, Ordovician. 

MyOCOncha. Similar to Modiolopds^ but usually with a long 
cardinal and a long slender posterior lateral ttx)th in the right valve. 
Carboniferous to Chalk, Ex. M. crassa^ Inferior Oolite ; M. cretacea^ 
Chalk. 

Hippopodium. Shell very thick, very convex, oblong ; surface 
with lines of growth. Umbones large, anterior. Hinge thick, with 
one oblique tooth which may disappear in old specimens. Adductor 
impressions deep. Pallial line simple. Litis to Great Oolite. Ex. 
H. ponderosum^ Lower and Middle Lias. 

Myalina. Shell thick, trigonal, oblique, very inequilateral, 
with iK)inted umbones at the anterior extremity. Anterior marginal 
part of valves sharply bent. Posterior part compressed, wing-like. 
Hinge-line straight, long. Hinge-margin broad with longitudinal 
striations. Anterior adductor near the ventral edge of the anterior 
end of the hinge-plate. Posterior adductor large, oval. Pallial line 
simple. Surface with growth-lines, often lamellar. Silurian to 
Permian ; common in Carboniferous. Ex. M. verneulLiy Carboni- 
ferous. 

Pinna . Shell generally thin, with coarse prismatic structure 
■'(fig. 108), equivalve, inequilateral, wedge-shaped, without ears. 
Umbones shaiq), anterior, terminal. Valves truncate and gaping 
posteriorly. Hinge-line straight, long. No teeth. Ligament linear, 
almost entirely internal, lodged in a groove. Posterior adductor 
large, sub-central ; anterior adductor close to the umbo. Carboni- 
ferous to present day. Ex. P. hartmanni^ Lias ; P. affinisy London 
Clay. 

CteiyUlifiM, Shell obliquely elongated, very inequilateral, slightly 
Inequi valve, the left valve a little more convex than the right; um- 
bones almost terminal. Hinge straight, with broad margin on which 
are numerous perpendicular, widely-separated ligament-pits; with 
two or more oblique ridge- hke teeth. Ears indistinctly limited from 

15 
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the rest of the shell, the anterior very short, the posterior long. 
Posterior adductor impression large, sub-central. Trias to Eocene. 
Ex. G. Forhesiana^ Gault; Q. sublanceolata^ Lower Greensand. 

* Inoceramus. Shell variable in form, circular, oval, or oblong ; 
ineqinlateral, inequivalve, ventricose or compressed, with ears indis- 
tinctly limited. Uinbones prominent, rather anterior. No teeth. 
Surface with concentric (or rarely radiating) furrows. Hinge-line 
straight, usually long, with numerous parallel, (jlose-set, transverse 
ligament-pits. Adductor impression rarely visible. Inner layer of 
shell thin and nacreous ; outer layer thick, formed of large prisms. 
Lias to Chalk ; comiiKJii in Tipper Cretaceous. Ex. I. concentricus^ 
Gault ; 7. hrongniarti^ Chalk. 

<Perna. Shell nearly equivalve, inequilateral, compressed, sub- 
quadfale or sub-circular. Umbones at the anterior end. Hinge- 
line straight, without teeth ; hinge-margin broad, with numerous 
transverse, elongated ligament-pits placed clase together and parallel 
wTth one another. Right valve with a byssal sinus. Adductor im- 
pression large, sub-central, double; pallial line simple. Posterior 
ear often large, not distinctly limited. Trias to present day. Ex. 

Upper Jurassic; P. ephi/pphnn^ Recent. 

^ Pteria AvwnUt). Shell oblique, inequilateral, inequivalve, 
left valve more convex than the right. Interior nacreous. Hinge 
long, straight, with one or two small cardinal teeth and a lamellar 
lateral tooth. Posterior ear wing-like and longer than the anterior. 
A byssal sinus under the right anterior ear. Area small. Ligament 
long, partly internal, partly external, in a groove. Posterior adductor 
impression large, sub-central. Trias to present day. Ex. P. media^ 
Barton Beds ; P. hirundo^ Recent. Sub-genera or closely allied 
genera, are Actinopteria, Leioptcria^ Pteronites (all Upper Palteozoic), 
and Oxytoma (Mesozoic). 

Pseudomonotis. Similar to Pteria, but the shell is oval, 
the left valve large and very convex, and the right valve flattened ; 
the anterior ear small or rudimentary. Carboniferous to Cretaceous. 
Ex. P. echinata, Cornbrash. 

Aucella. Shell thin, obliquely elongate, inequilateral, inequi- 
valve, with concentric folds or ribs. Left valve convex, with 
prominent incurved umbo ; cars indistinctly limited. Right valve 
flattened, anterior ear triangular, with a deep byssal sinus ; posterior 
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oar indistinctly limited. Hinge-line straight, short, without teeth. 
Ligament external. Upper Jurassic and Lower Cretaceous. Ex. 
A. Jceyserlingi^ Speeton Series. 

Pterinea. Form similar to Pteria ; left valve flattened. Hinge 
with small transvcirse anterior teeth, and laminar posterior teeth. 
Area large, with longitudinal grooves for the ligament. Posterior 
adductor impression large, shallow ; anterior impression small, deep, 
below the anterior ear. Ordovician to Carboniferous ; common in 
Devonian. Ex. P. Iwvu^ Devonian. 

Posidonomya. Shell thin, oblkpie, oval, equi valve, com- 
pressed, with concentric furrows. Umbones small, sub-central. 
Hinge-line straight, short, without teeth ; posterior ear compressed, 
indistinctly limited. Silurian to Jurassic. Ex. P, hechen\ Carboni- 
ferous. 

Conocardium. Shell more or less trigonal, very inequi- 
lateral, with radiating ribs ; posterior side short, truncated, forming 
a cordate posterior end, produced into a long tube ; anterior side 
obli(iue, compressed, wing-like, gaping. Umbones small, pointed, 
incurved. Hinge-line long, straight. Ligament partly external, 
partly internah attached to a plate behind tlje umbones. Anterior 
adductor impression large, deep ; posterior impression shallow. 
Inner margins of valves toothed. The truncated end bearing the 
tube is regarded by some authors as anterior, and the wing-like end 
as posterior. The affinities of this genus have not yet been deter- 
uiiiied, Silurian to (carboniferous. Ex. 0. Carboniferous 
Limestone. 

8. Hinge, when well-developed, isodont; teeth some- 
times absent or imperfect. A median pit for the ligament. 
Siphons absent. Posterior adductol* only present. 

^Sppn<lylus (fig. 106 D, E). Shell irregular, with ears, attached 
by the right valve; surface with radiating ribs which are spiny 
or foliaceous. Right valve larger and more convex than the left, 
with a triangular area. Two strong teeth in each valve, which fit 
into corresponding sockets in the other valve; between the teeth 
a triangular ligament-pit ; ligament partly external. Adductor im- 
pression large, sub- central. Jurassic to present day. Living in 

15—2 
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warm seas. Ex. S, spinostts. Chalk; S, rarispina, Bracklesbam; 
S. gasdei'optiSj Recent. 

Similar to Spondylvs. Surface smooth, folded 
or scaly. Without ears. Area very small. Ligament internal. 
Adductor impression excentric. Trias to present day. Living mainly 
in warm seas. Ex. P, spinosa. Lias ; P. injlata^ Chalk ; P. cristcUa^ 
Recent. 

Anomia. Shell thin, irregular or sub-circular, attached by 
a calcified byssus, which passes through a rounded sinus near the 
umbo of the right valve. Right valve flattened, with a central 
adductor impression ; left valve larger, convex, with three impres- 
sions of the byssal muscles and one of the adductor. Teeth absent. 
Lias to present day. Ex. d. ephippium^ Pliocene to present day. 

P ecten . Shell sub-circular, ovate or trigonal, closed, almost 
equilateral, inequivalvc or nearly equivalve. Surface frequently 
with radiating ribs or striiu, sometimes smooth or with concentric 
ridges. Hinge-line straight; with \rell-devel()ped ears, with or 
without a byssal sinus. A central, triangular pit for the internal 
ligament. Adductor impression large, a little cxcentric. Carboni- 
ferous to present day. P^cten includes a very large number of 
species, which are grouj)ed into sub-genera and sections, of which 
the more important are: Aiquipecten (ex. Pecten asper^ Upper 
Greensand, P. operculans^ Pliocene); Amimum {qx. P. pleuronecteSy 
Recent); Gamptonectes (ex. P. lem, Jurassic); Ghlamys^ Hmnkes^ 
Nidtiisa (see below) ; Syncydlonema (ex. P, orhiculariH^ Chalk). 

CJdamys: shell ovate or trigonal, nearly equivalve, surface with 
radial ribs. Ears large— the anterior larger than the posterior and 
with a deep sinus for the byssus on the right valve. Trias to present 
day. Ex. P. ulandicv^fij Pleistocene and Recent. 

Hinnites: the young shell is like Ghlamy^ ; the adult is irregular 
like Ostrea, and is attached by the right valve; Cretaceous to present 
day. Ex. H. corted^ Pliocene. 

Pectm (restricted) : right valve very convex, left flattened. Ears 
nearly equal. No byssal sinus. Cretaceous to present day. Ex. 
/*. Pliocene to pre.sout day. 

Neithea: similar to the last; with numerous small denticles on 
the hinge. Cretaceous. Ex. P. {Neithm) quadricoittatm^ Upper 
Greensand. 
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jjjma . Shell obliquely oval, anterior part larger than the 
posterior part, equi valve, compressed, with radiating striro or ribs. 
Valves gaping anteriorly and sometimes posteriorly. Umbones 
distant, sharp. Hinge-line straight without teeth, with unequal 
ears. On each valve a triangular area, with a central ligament-pit. 
Adductor impression large. Two small pedal impressions. Carboni- 
ferous to present day. Ex. L. gigantea^ Lias ; L. cardiiformis^ Middle 
Jurassic; L, squamosa, Recent. Sub-genera Plagiosioma {L. gigan- 
tea. Lias), Limatula {L. fittoni. Upper Greensand), Mantellum {L. 
Ilians, Recent), etc. 

Aviculopecten. Shell ovate, slightly inequilateral; right 
valve loss convex than the left. Umbones distinct; hinge-lino 
straight, long ; ears distinctly limited, the posterior larger than the 
anterior and often wing-like ; a byssal sinus beneath the anterior 
ear in the right valve. Hinge-margin with narrow, nearly parallel 
grooves. A central pit for the internal ligament. Adductor im- 
pression largo, sub-central. Surface usually with radial ribs, and 
concentric lines, the ornamentation different on the two valves. 
Devonian to Permian. Six. A. tahulatus, Carboniferous. 

Pterinopecten. Similar to Aviculopecten ; posterior ear not 
distinctly limited ; both valves with the same kind of ornamentation. 
Devonian and Carboniferous. Ex. P, papgracPAis, Carboniferous. 

:^ Ostrea. Shell with lamellar structure, irregular, inequivalve, 
slightly inequilateral, fixed by the left (larger) valve. Left valve 
convex, often with radiating ribs or striuj ; umbo prominent, some- 
timas directed anteriorly, sometimes posteriorly. Right valve fiat 
or concave, often smooth. Ligamental cavity triangular or elongated. 
Hinge without teeth. Adductor impression sub-central ; pallial line 
indistinct. Trias to present day. Ex. 0. deltoidea, Kimeridgian ; 
0. edulis. Pliocene and Recent. 

^ AlBctryonia. Includes the forms of Ostrea in which both 
valves have coarse angular folds ; edges of valves toothed. The forms 
included in Alectryoma are polyphyletic. Trias to present day. Ex. 
A. gregaria, Corallian : A . diluviana ( = frons). Chalk. 

Oryphapa . Shell similar to Ostrea, but fixed in the young stage 
only, free in the adult ; left valve large and convex, with a prominent 
incurved umbo. Right valve flattened or concave. Lias. Ex. Q. 
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a/r<mata {^in(mrva\ Lias. (In later formations Orypliaea-X^^ forms 
have originated independently from more than one si)ecies of Ostrea,) 
" SSxogyra. Similar to Ontrea, Shell fixed by the left (larger) 
valve." night valve flat, resembling an operculum. Umbones more 
or less spiral, directed posteriorly. Upper Jurassic to Chalk. Ex. 
E. colwnba^ Upper Greensand. 

4. Hinge schizodont, or formed of thick, irregular teeth. 
Valves equal. Two nearly equal adductors. Ligament usu- 
ally external and behind the umbones. Pallial line simple. 
Inner layer of shell usually pearly. 

Trigo nia (fig. lOfl ?>, C). Shell thick, usually ornamented with 
concentric rows of tubercles or witli concentric (sometimes radiating) 
ribs; trigonal, very inequilateral, anterior margin rounded, posterior 
produced and angular. Generally with a ridge extending from the 
umbones to the posterior border, cutting off* a portion which has a 
different ornamenbition. Umbones anterior, directed posteriorly. 
Cardinal teeth diverging, grooved, two in the right valve, thi’ee in 
the left, the central tooth in the latter being bifid. Ligament mar- 
ginal, thick. Adductor impressions deep, the anterior smaller than 
the posterior, and placed near the umbones. A pedal impression in 
front of the posterior adductor of each valve and also one in the 
umbo of the left valve. Pallial line simple. Interior of shell nacreous. 
Lias to present day ; abundant and widely distributed in the Jurassic 
and Cretaceous ; found in thti Australian region in the Tertiary and 
at the present day. Ex. T. costata^ Inferior Oolite to Cornbrash ; 
T. clavellata^ Coralliau. 

SchizodUS. Similar in form to Trigonni ; shell thin an4 
smooth, umbones placed anteriorly. Three teeth in each valve, the 
middle one being a cardinal; the anterior lateral inconspicuous in 
the right valve. Adductor impressions shallow. Carboniferous and 
Permian. Ex. S. ohscurus, Permian. 

Myophoria. Allied to Schizodtis, Shell oval, triangular, or 
'^trapezoidal. Umbones anterior, often with a ridge extending to the 
lower part of the posterior border. Surface nearly smooth or with 
radial ribs. Right valve with one, sometimes two, cardinal teeth, and 
ridge-like posterior lateral tooth. Left valve with a triangular, some- 
times bifid cardinal, and one anterior and one posterior lateral tooth. 
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Adductor impreHstons with a ridge passing to the hinge. Trias and 
Bheetic. Ex. M. leevigata, Trias. 

Unio. Shell thick, oval or elongated, with a thin periostracum. 
S^irface smooth, tul>erculate, striated, or folded ; interior nacreous. 
Umbones more or less anterior, often corroded. Ligament external, 
elongated. In the right valve one or two thick, irregular teeth below 
the umbo, and a long lamellar posterior lateral tooth ; in the left 
valve, two thick irregular teeth near the umbo, and two long lamellar 
posterior lateral teeth. Adductor impressions very deep, cs])ecially 
the anterior. Pallial line simple. Inferior Oolite to present day. 
Lives in fresh water. Kx. U. littorah\ Pleistocene and Recent. 

Anodonta. Allied to Unio\ shell relatively thin, without 
teeth. Fresh water. Miocene (perhaps Purlxick) to present day. 

Carbonicola { — A nthracoda). Similar in form to Unio^ but 
the anterior part of shell is broad and tumid, the posterior part 
narrow and compressed ; usually a constriction at the ventral border. 
Hinge-plate triangular, with or without cardinal teeth, no laterals. 
Ligament external. Adductors large, the anterior near the margin. 
Pedal impression above the anterior adductor. Pallial line simple. 
(Carboniferous and Permian. Probably fresh water. Ex. C. rohusta^ 

( bal Measures. 

Antbracomya. Diflfers from Carhonivola (diielly in having 
the posterior part of the shell broad and expanded. Hinge-plate 
small, with a cardinal and one }M)sterior lateral tooth, ( carboniferous. 
Probably fresh water. Ex. A, adamM, 

Cardinia. Shell trigonal, oval, or oblong, very inequilateral, 
compressed, thick, marked by lines of growth. Interior not nacreous. 
Umbones small, sharp, close together. Ligament external. C -ardinal 
teeth small or obsolete ; in the right valve one anterior lateral tooth, 
in the left, one posterior lateral. Impression of anterior adductor 
very deep. Pallial line simple. Trias to Middle Jurassic (chiefly 
Lias). Ex. G. listeH, Lias. 

^ IMEegalodon. Shell thick, equiviilve, smooth or with concentric 
lines, convex, inequilateral, oval or rounded triangular. Umbones f 
prominent, curved forwai*d. Ligament external, long. Hinge-plate 
very large and thick ; teeth thick ; in the right valve two cardinals 
separated by a pit ; in the left valve one cardinal under the umbo 
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and a small anterior cardinal ; no laterals. Anterior adductor im- 
pression small, semilunar; posterior adductor long, shallow, on a 
lidge extending from the hinge to the posterior border. Devonian 
to Lias. Ex. M, cucullatus^ Devonian. Pachyrisma (Trias and J urassic) 
is allied to Megalodon. 

5. Hinge heterodont; hinge-plate usually well-deve- 
loped. Two nearly equal adductors. Ligament behind the 
umbones. Siphons usually well-developed. Shell without 
a pearly layer. 

(a) Pallial line usually simple. 

Cypxina. Shell orlncukr or oval, convex, with concentric 
^trioB and a thick ])eriostracum. Umbones prominent, incurved. 
Ligament external, prominent. Lunule seldom present. Right valve 
with a small anterior cardinal below a triangular median cardinal, 
an oblique bifid posterior cardinaf, and a posterior lateral. Left valve 
with a small anterior cardinal, a vertical median cardinal, and a long 
oblique posterior cardinal. Adductor impressions oval. Pallial line 
entire. Margins of valves smooth. Lias to present day. Ex. C, 
islandica, Coralline Crag to present day. 

Isocardia. Similar to Cy^yrina. Umbones infiated, curved 
anteriorly or si)irally inrolled. In each valve two nearly parallel 
cardinal teeth and one posterior lateral. Jurassic to present day. 
Ex. /. coTy Coralline Crag to present day. 

Astarte. Shell thick, inequilateral, more or less trigonal or 
^ub-orbicular, compressed, closed. Surface usually with concentric 
furrows or stria?. A thick periostracum is present. Umbones 
prominent. Lunule distinct. Escutcheon elongated. Ligament ex- 
ternal. Two cardinal teeth in each valve, lateral teeth rudimentary. 
Adductor impressions strongly marked ; above the anterior one is a 
;t>edal impression. Pallial line simple. Trias to present day. Ex. A, 
omalii^ Coralline Crag. 

Opts. Shell trigonal, cordiform, convex, with tin oblique keel ex- 
tending from the umbo to the posterior border. U mbones prominent, 
incurved or sub-spiral, Lunule large and very deep. Surface gene- 
rally with concentric furrows. One cardinal tooth in the right valve, 
two in the left. Pallial line simple. Trias to Chalk. Ex, 0 . lunu- 
latu9y Inferior Oolite. 
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CraMatellites {^Crassatella). Shell solid, oblong or sub> 
tngonal, attenuated behind. Surface smooth or concentric.dlly 
furrowed. Margins of valves smooth or cronulated. Umbones small, 
close together. Lunule distinct. Ligament internal, placed in a pit 
under the umbo. Hinge with two (sometimes three) cardinal teeth, 
and some small laterals. Adductor impressions deep. Pallial line 
simple. Cretaceous to present day. Ex. C sulcatus, Barton Beds. 

Cyrena. Shell cordiform, oval, or trigonal, usually with con- 
centric ridges ; umbones often cornnied. Hinge with three cardinal 
teeth ; one anterior and one posterior lateral in the left valve, and 
two of each in the right valve. Ligament prominent, external. 
Pallial line usually entire. Lias to present day. Lives in fresh and 
brackish water. Ex. C, ceylanica^ Recent. 

Corbicula. Similar to Cyrena^ but with the lateral teeth 
lamellar and transversely striated. Eocene to present day. Fresh 
water. Ex. (7. Jluminalisy Pliocene to present day. 

, Cardita. Shell oval or oblong, elongated, very inequilateral, 
witETprbihinent radial ribs, usually scaly ; often a little gaping and 
sinuous at its ventral margin. Umbones prominent, anterior. 
Lunule present. Ligament externid. In the right valve two long, 
parallel cardinal teeth, and a small anterior lateral tooth. In the 
left valve one short anterior cardinal, and one long posterior cardinal, 
and a rudimentary posterior lateral tooth. Adductor impressions 
large. Pallial line simple. Trias to present day. Ex. C. calyculatay 
Recent. 

Venericardia. Shell oval, triangular, or heart shaped, in- 
equilateral, with radiating ribs. Umbones prominent. Ventral 
margin crenulated internally, not sinuous. Ligament external. 
Hinge-plate thick ; in the right valve two oblique cardinal teeth and 
one small or rudimentary anterior lateral ; in the left two diverging 
cardinal teeth. Adductor impressions unequal. Pallial line simple. 
Cretaceous to present day. Ex. V. plaiiicoatay Bracklesham Beds. 

^Ghama. Shell irregular, thick, inequivalve, fixed by the umbo 
of tS^iarger valve (generally the left, sometimes the right). Umbones 
spiral or sub-spiral, directed anteriorly, that of the fixed valve longer 
than the other. Surface with concentric lamellae or spines. The fixed 
vklve larger and much deeper than the other. In each valve a strong 
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cardinal tooth, and sometimes in the inferior valve a narrow curved 
posterior tooth also. Ligament external, in a deep groove, prolonged 
towards the umbones. Adductor impressions large, the anterior com- 
mencing near the hinge-line. Pallial line simple. Up^^er Cretaceous 
to present day. Living in warm seas. Ex. 0. squamosa, Barton Beds. 

Diceras. Shell thick, inequivalve, fixed by umbo of larger 
valve. ^Umbones large, inrolled, directed forwards. Ligament ex- 
ternal, in a curved groove at the posterior margin of the hinge. 
Hinge-plate very thick ; right valve with a large, elongate, curved 
posterior cardinal tooth [)arallel to the ligament groove, and an an- 
terior pit; left valve with a large ear-shaped cardinal tooth and a 
pit for the tooth of the right valve. Adductor impressions distinct, 
the posterior on a raised elongated plate. Pallial line simple. Upper 
Jurassic. Ex. />. arietinum. Hequienia and Toucasia (Cretaceous) 
arc related to Diceras, 

^ Hippurites (figs. 1 09, l lO). Shell very large and massi ve, conical 
or srrb-cylindrical, not spiral, very inexiuivalve, fixed by the apex of 
the largei* valve. The large {lower) valve (dongate-conical, striated or 
smooth, and with three parallel furrows extending from the apex to 
the cardinal margin, due to folds of the shell-wall which give rise to 
three corresponding ridges in the interior. Hinge consists of a small 
cardinal tooth and of cardinal pits; anterior adductor impression 
large and divided into two separate parts; posterior adductor in a 
depression. Small {upper) valve flattoned or slightly convex, oper- 
culiform, porous, the pores leading into canals; with a central umbo 
and two prominent teeth ; the anterior tooth very large with two 
surfaces at its base for the attachment of the adductors ; the posterior 
tooth smaller with a tooth-like process for the posterior adductor. 
The small valve is formed (»f two layers ; the outer is thin and pris- 
matic, the inner is porcellanous and traversed by numerous canals. 
The outer layer of the large valve is formed of small prisms arranged 
in parallel layers obliquely to the surface of the shell ; the inner is 
porcellanous and formed of thin leaflets. Upper Cretaceous. Ex. 
H. coruu-vaccinum, 

Radiolites. Shell large, thick, valves very unequal. The large 
{lower) valve conical or sub-cylindrical, generally straight, fixed by 
its apex (umbo); surface with vertical ribs, and thick, horizontal 
projecting layers which are more or less regularly folded; with a 
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ligamental fold extending from the apex to the margin, and two 
vertical undulations corresponding to the positions of the anal and 
branchial orifices ; oiittir layer of shell very thick, formed of polygonal 
or prismatic cells ; inner layer thin, porcellanoiis, often not preserved ; 
an elongate median tooth; two adductor impressions widely separated. 
The small [upper) valve generally convex or conical, sometimes flat, 
with central \imbo ; two straight, elongate, grooved teeth ; the two 
adductor muscles were attached to plates on either side of tlnT teeth ; 
shell structure similar to that of the larger valve, but with the 
external layer thinner. Upi)er Cretaceous. Ex. IL angeiodes. A 
Riidiolitid {Durania mortoni) is found in the Chalk of England. 



Fig. 109. Fig. 110. 


Fig. 109. Transverse section of the large valve of flippurites cornu- 
vacciuuin. r, umbonal cavity ; r, internal layer of shell ; d, external 
layer; Z, m, n, folds; cardinal teeth; a, anterior adductor; a', pos- 
terior adductor; c, cavity; c', cardinal fossa. Cretaceous. (From 
Woodward.) x^. 

Fig. 110. Longitudinal section of the small valve and part of the large 
valve of Hippurites cornu-vaccinum. u, umbonal cavity of small 
valve; d, external layer of shell ; r, internal layer; i, part of cavity 
between the valves ; a, anterior adductor ; posterior adductor ; 
t, t\ anterior and posterior cardinal teeth of small valve ; Z, cardinal 
tooth of large valve. (From Woodward.) x J . 

Unicardium. Shell oval or rounded, inflated ; surface with 
concentric lines or ridges. Umbonas prominont,-«urved inwards. In 
eiich valve a small cardinal tooth which is often obsolete, and a pos- 
terior ridge separated from tho margin by a furrow in which is the 
external ligament. Adductor impressions elliptical. Trias to Creta- 
ceous. Ex. U, cardioides, Lias. 
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v* IiUCina (fig. 106 F). Shell orbicular or oval, slightly inequi- 
lateral, usually ornamented with concentric lines or ridges. Lunule 
usually distinct. An obliq\ie furrow extends from the umbo to the 
posterior border. Hinge usually with two cardinal and one or two 
lateral teeth in each valve ; the lateral, or the cardinal, may be absent. 
Ligament elongated, external, sometimes partly internal. Adductor 
impressions well marked, the anterior elongated and placed mainly 
within the pallial line, the posterior oval. Pallial line entire. Margins 
of valves smooth or finely crcnulated. Trias to present day. Ex. 
L, borealis, Coralline Crag to present day. 

Cardium. Shell convex, slightly inequilateral, cordate or oval, 
generally closed. Umbones prominent, incurved, turned slightly to 
the anterior end. Surface with radiating ribs, which are often spiny. 
Margins of valves crenulated. Right valve with one or two cardinal 
teeth, two anterior laterals, and one or two posterior laterals ; left 
valve with two cardinals, one anterior lateral and one posterior lateral. 
Ligament external. Add uctor impressions shallow. Pallial line entire. 
Trias to present day. Ex. 6’. aculeaiiim, Pleistocene and Recent; 
C, edule, Pliocene to present day. 

, Protocardia. Similar to Cardium, but with radiating ribs 
bn the posterior part of the shell only, the remainder with concentric 
ribs. pJurassic to present day. Ex. P. hillana. Upper Greensand. 

Thetironia ( == Thetis). Shell thin, oval, rounded, very convex, 
slightly or moderately inequilateral. Umbones prominent, curved 
inward and slightly forward. No lunule. Ligament external. Two 
small conical or tubercular cardinal teeth under the umbo in each 
valve ; no laterals. Adductor impressions near the anterior and pos- 
terior margins. Pallial line simple. Two internal ribs meet at an 
acute angle near the umbo and extend ventrally to the level of the 
adductors. Surface of shell nearly smooth, with concentric linos and 
radial rows of small pits which arc more distinct on the posterior 
part than elsewhere. Cretaceous. Ex. T. minor. Lower Greensand. 

(6) Pallial line usually with a sinus, but sometimes 
sinuous only. 

' Venus. Shell thick, oval, convex, ornamented with concentric 
lamella), sometimes with radial ribs; lunule distinct Margins of 
valves finely crenulate. Hinge-plate wide ; in each valve three cardinal 
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teeth, often bifid, no lateral teeth. Ligament external, prominent. 
Pallial sinus short, angular. Miocene to present day. Ex. V, c(Jtsiimy 
Pliocene to present day ; V. vemtcosa^ Recent. 

Meretrix (fig. 105). ‘Shell thick, ovate, sub-trigonal, convex, 
smooth or with concentric ornament. Margins of valves smooth. 
Lunule present. Ligament external. Hinge-plate thick, with three 
cardinal teeth in each valve, two anterior laterals in the right, and 
one in the left valve. Pallial sinus angular or rounded. Cretaceous 
to present day. M. meretnx^ Recent ; Ex. M. {Calluta) planv^, Upj^er 
Greensand ; M. (CaHista) chione^ Recent. Meretrix is here used in a 
wide sense, and includes Calluta^Cytherea^ Tivela^ Pitaria^ etc. 

Dosinia {^Artemis). Shell orbicular, compressed, with con- 
centric ridges or strioo. Lunule depressed. Escutcheon narrow. Liga- 
ment sunk. Three cardinal teeth in e^ch valve, one anterior lateral 
in the left valve and two (rudimentary) in the right. Margins smt>oth. 
Pallial sinus very deep. Oligocone to present day. Ex. D. exoleta^ 
Coralline Crag to present day. 

Telllna. Shell oval, elongate, sometimes sub-orbicular, slightly 
inequi valve, compressed, rounded in front, attenuated behind, and 
furnished with an oblique fold from the umbo to the posterior border. 
Margins of valves smooth. Two cardinal teeth in e«*ich valve, and 
one anterior and one posterior lateral which are often indistinct in 
the left valve. Ligament external, prominent. Pallial sinus very deep. 
Jurassic to present day. . Ex. T. virgata^ Recent ; T, rqstralis^ Eocene. 

Psaxnmobia ( = Gari), Shell elongate, sub-equilateral, gaping 
at the ends, anterior side rounded, posterior side more or less truncate 
and angular. Surface smooth or with strire. Ligament external, thick, 
joined to prominent ridges. Usually two cardinal teeth in each valve, 
some being bifid. Adductor impressions near the dorsal border. Pallial 
sinus very deep. Eocene (jnsrhaps Cretaceous) to present day. Ex. 
P. ferroensisy Coralline Crag to present day. 

Solen. Shell very long, sub-cylindrical, straight, smooth or 
finely striated, the dorsal and ventral margins parallel ; gaping at 
both extremities. Margins of valves smooth. U mbones at the anterior 
end. Hinge terminal, with one cardinal tooth in each valve. . Liga- 
ment long, external . Anterior adductor i mpression elongated, para llel 
to the dorsal margin. Pallial sinus short. Eocene (perhaps earlier) to 
present day. Ex. JS, oUiqutis, Bracklesham Beds ; vagina^ Recent, 
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y^Mactra. Shell oval or trigonal, nearly equilateral, smooth or 
with concentric strife. Internal ligament in a large triangular pit. 
External ligament in a groove. In front of the internal ligament-pit 
is a bifid cardinal tooth (in the form of an- inverted y ) ; anterior and 
posterior lateral teeth well-tnarked, compressed, double in the right 
valve, single in the left. Adductor impressions semicircular. Pallial 
sinus round or angular. Cretaceous to present day. Ex. M. ovalis, 
Ked Crag to present day 

Mya (fig. 104). Shell oblong, gaping at both ends, particularly 
at the posterior ; the loft valve a little smaller than the right. In the 
left valve a large spoon-like process to which the internal ligament 
is fixed. Anterior adductor impression elongated. Pallial sinus large 
and rounded. Eocene to present day. Ex. M. truncata^ Pliocene to 
present day. 

^ Corbula. Shell oval, inequivalve, closed, rounded in front, 
somewhat angular and contracted behind, with a ridge ])assing from 
the umbo to the posterior angle. Surface generally with concentric 
grooves. Umbones prominent. Right valve larger and more convex 
than tlie left, and with a strong cardinal tooth in front of the ligament- 
pit, and also a posterior cardinal tooth ; left valve with a spoon-like 
process for the internal ligament, and one i)osterior cardinal tooth. 
Adductor impressions well marked. Pallial line slightly sinuous pos- 
teriorly. Trias to present day. Ex. C\ /lcu,% l^arton Beds; ndcata, 
Recent. 

Panopea. Shell equivalve, inequilateral, oblong, thick, con- 
centrically striated, gaping at each end, especially at the posterior. 
Ligament external, on a prominent ridge. One cardinal tooth in 
each valve. Pallial sinus \’cry deep. Cretaceous to present day. Ex. 
1\ favjasiy Coralline (hvig to present day. 

Saxicava. Shell small, more or less oblong, gaping ; umbones 
anterioi’. Ligament external. Teeth absent in the adult, one or two 
cardinals present in the young. Pallial line not continuou.s, sinuous. 
Sa.vkava bores into rocks, etc. Jurassic to present day. Ex. S. rugosa, 
Coralline Crag to present day, 

Pholas. Shell elongate, cylindrical, gaping at lx)th ends. Sur- 
face with spiny ridges, best marked in front. On the dorsal region 
are one or more accessory calcareous plates. No teeth ; no ligament. 
In the interior, under the umbones, is a process for the insertion of 
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ttie muscle of the foot. Pallial sinus very deep. Pholas bores into 
rocks, etc. ^Eocene (perhaps Mesozoic) to present day. Ex. cylindrical 
Red Crag ; P. dactylus^ Recent. 

Teredo. Shell more or less globular, gaping at the ends, valves 
tri-lobed, with concentric strige; without teeth; adductors unequal. 
In the interior, under the urnbones, is a long narrow plate for the 
inser tion of the pedal muscle. Posterior part covered by a long, cal- 
cai*eous tube, which is sub-cylindrical, straight or cmrved, and often 
with partitions. Teredo perforates wood. Jurassic to present day. 
Ex. T. norvegica, Coralline Crag to present day. 

0. Hingo desrnodonv. Ligament usually behind the 
urnbones. Twonearly equal adductors. Pallial line usually 
with a sinus, but sometimes sinuous only. Valves genei’ally 
somewhat unequal. 

Pleuromya. Shell transversely elongated, anterior side short, 
posterior long ui generally compressed, sometimes ga])ing; surfiico 
with concentric folds. Hinge withc\it teeth, but with a thin pro- 
jecting lamina at the mai'gin. Ligament pai*tly e.xternal. Adductor 
impressions faintly marked; pallial sinus deep. Tria-s to Lower 
Cretaceous. Ex. P. donacinay Corallian and Kimoridgian. 

Gresslya. Shell oval, elongate, very inequilateral, smooth or 
with concentric furrows ; anterior side high and inflated, })ostorior 
side narrowing and somewhat compressc'd. Urnbones anterior, 
(ilose together ; lunule sometimes well marked. Right valve a little 
higher and larger than the left. Adductor impressions shallow ; 
pallial sinus deep, behind the umbo of the right valve is a tooth- 
like projection and an internal plate — the latter apjHjars as a furrow 
in casts of the shell. Jimissic. Ex. j6r. gregaria^ G. abducta^ 
Inferior Oolite. 

Ceromya. Shell heart-shaped, inflated, inequilateral, finely 
granular, with concentric grooves. Left valve not quite so convex 
as the right. Anterior side short, posterior longer and compressed. 
Urnbones prominent, anterior, curved forward. Hinge thickened, 
with a ridge behind the urnbones; teeth absent. Pallial line 
sinuous. Jurassic, Ex. C, cmiceatrica. Inferior Oolite to Corn- 
brash. 
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^ PholadomjTJEU Shell thin, translucent, oblong or oval, 
ventHcos^ISqum^^^ gaping posteriorly and sometimes iitoteriorly. 
Anterior side short and rounded. Surface with radiating ribs' 
croased by concentric folds or striae. Umbones prominent. Ligament 
external. Hinge without teeth or with a small transverse tubercle. 
Adductor impressions very faint. Pallial sinus moderately deep. 
Lias to present day ; abundant and widespread in the Mesozoic ; two 
species living, one in the Antilles, one in Japan. Ex. P, inargaritacea^ 
London Clay. 

Homomya. Similar to Pholadomya. Without radial ribs ; 
surface smooth or ornamented with fine granules. Trias to Creta- 
ceous. Ex. //. gihhom^ Inferior and Great Oolite. 

Ctoniomya. Similar to the last two, but with V-shai)ed ribs 
pointing ventrally. Lias to Cretaceous. Ex. 6r. literata^ Inferior 
Oolite to Corallian. 

Thracia. Shell thin, oblong, compressed, attenuated and 
gaping posteriorly : surface smooth or concentrically striated. Um- 
bones turned a little to the posterior side. Right valve larger than 
the left. External ligament short, prominent. Hinge thickened 
iHjhind the umbo forming a stout process or ossicle in each valve to 
which the ligament is fixed. Adductor impressions small. Pallial 
sinus not deep. Trias to j^resent day. Ex. T. puhcsceiis, Coralline 
Crag to present day. 

7. Shell thin. Hinge either without teeth or with only 
imperfectly developed teeth, and without hinge plate. Liga- 
ment external. Two nearly equal adductors. Pallial line 
simple. This group is a provisional one and includes primi- 
tive PaljBOzoic genera, the affinities of which have not yet 
been determined. 

drammysia. Shell elongate-ovate, very inequilateral, orna- 
mented with concentric furrows, and one or more radial folds passing 
from the umlx) to the postero -ventral border. Umbones placed 
anteriorly. Lunule very deep. Hinge-margin thick, without teeth. 
Anterior adductor very small, posterior large. Pallial line simple. 
Silurian and Devonian. Ex. G. cingulala, Silurian; G, hamilton^ 
emisy Devonian. 
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Cardiola. Shell thin^ convex, oval, generally inequilateral; 
umbone8.prominent, incurved. Surface with well-marked radiating 
and concentric grooves. Hinge-line straight, probably with very 
small teeth ; ligamental area large, horizontally grooved. Muscular 
impressions unknown. Silurian and Devonian. Ex. (7. interrupta^ 
Lower Ludlow, etc. 

Cardlomorpha. Shell thin, smooth or with concentric lines ; 
sub-quadrate or rounded, inequilateral, very convex. Umbones 
prominent, curved forwards ; no lunule. Hinge toothless. Ex- 
ternal ligament small. Adductor impressions shallow ; pallial line 
simple. Principally OarbonifcroiLS. Ex. C. ohlonga^ Carboniferous 

Limestone. 

«■ 

ESdmondia. Shell sub-qu;idrate or ovate, convex, inequi- 
lateral ; surface with concentric lines or ridges. Umbones anterior ; 
no lunule, no escutcheon. Hinge toothless, with a thick ridge 
posterior to the umbones and separated from the edge of the valve 
by a groove. Posterior to the hinge is an internal, elongated ‘ossicle.’ 
External ligament small. Pallial line simple. Devonian and 
Carboniferous. Ex. E. ^imoniformis^ Carboniferous Limestone. 

Sanguinolites. Shell elongate, very inequilateral, with 
rounded ends, the posterior part asually higher than the anterior 
part ; surface with concentric ribs or lines. Umbones near the 
anterior end, with a ridge passing to the lower part of the posterior 
end ; lunule and escutcheon distinct. Anterior adductor impression 
large, deep, limited posteriorly by a ridge ; posterior adductor 
shallow, near the hinge. Pallial line entire. Hinge toothless. 
Carboniferous. Ex. S. angmtaUis, Carboniferous Limestone. 

Distribution of the Lam'ellibranchia 

All the Lamellibranchs are aquatic animals, and by far 
the larger number are marine. The marine forms range 
from the shore-line down to a depth of 2900 fathoms; they 
are most abundant in shallow water, and are scarce at 
depths greater than 500 fathoms, but the following, and a 
few other genera, have been found below 1500 fathoms; — 

16 
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Nucula, Nuculana, Area, LirnopsiSy Malletia^ Verticordia, 
Cuspidaria (= Newra), 

Two genera, which may be Lfimellibranchs, have been 
recorded from the Lower Cambrian of North America. In 
England the earliest forms appear in the Upper Cambrian 
(Tremadoc Beds). Lamellibranchs are not common in the 
Ordovician, but several genera are represented ; they become 
fairly numerous in the Silurian, and afterwards gradually 
increase in importance, reaching their maximum at the 
present day. Many of the genera havii a rather extended 
range in time. 

In the PaJieozoic formations the Taxodont and 1 )ysodont 
groups, and primitive dimyarian forms with imperfectly 
developcid hinges, ai*e important. In the Carboniferous 
period Carhomcola and its allies and the Pectinidie are 
well represented; only a very few forms with a pallial sinus 
{e,g, Allorisma) are found. Before the beginning of the 
Mesozoic period many of the Paheozoic genera became 
extinct, and in the Trias a number of new types appear. 
In the Mesozoic formations Dysodont, Isodont, Schizodont 
(Trigoniidai), and ilesmodont genera are abundant, and the 
Heterodont forms slowly increase. The Ci'etaceous period 
is particularly distinguished by the abundance of lno~ 
ceramus, and by the presence of Uippurites, Radiolites and 
other allied genera. In the Tertiary period the Heterodont 
gi-oup attains the greatest importance. 

Fresh w'ater lamellibranchs are generally rare in the 
Paheozoic and Mesozoic formations. Probably the earliest 
form is Archanodon (= Amnigenia) jiikesi from the Old 
Red Sandstone. In the Coal Measures several species of 
Carbonicoldy Ant/iracomga, and Naiadites occur. The living 
type Unio has been found in the Inferior Oolite of York- 
shire, and is fairly common in the Purbeckian and Wealden 



MOLLUSCA. LAMELLIBRANCHIA 


243 


of the south of England, where it is associated with Gyrena, 
Freshwater lainellibranchs also occur in the Woolwich Beds, 
the Oligocene deposits, and in the Pleistocene river-gravels. 

The principal genera of Lamellibranchs found in the 
different systems are as follows: 

Upper Cambrian. Ctenodonta, Cyrtodonta, Glyptarca. 

Ordovician. Gtenodonta^ Gyrtodonta^ Ifodiolopsis <and other 
allied genera. 

Silurian. Ctenodonta, Cardiola^ Pterinea^ Amhonycfim, Modio- 
lopsis^ Gram mysia. 

Devonian. Nacula^ Gtenodonta^ Cardiolay Pterinea^ Avic;idopecten^ 
Actinopterla^ Megalodon, Conovardium^ Granimysia. 

Carboniferous. Nuctda, PandlelQdon^ Posidonomya^ Pinna^ 
Conocardimi^ Leiopterm^ subgenera of Pecten^ Aviculopecten^ Pterino- 
pecten^ ScMzodusy Protoschizodus^ Garhomrola Anthracoda\ An- 
ihracomya^ Edmondia^ Sanguinolltes, Gardiomorpha, 

Permian. BaJcevellia, Schizodus^ Pseudomonotis (Emiicrotis). 

Trias. Nucida^ Nvcidana, Palwoneilo, Gervillia^ lloernena^ 
Pteria^ Monotxs^ Camanella^ HaJohia, Ostrea^ Pecten (subgenera), 
Lima^ MyophoHa^ Magalodon^ Cardmm^ Palneocardita. 

Jurassic. Nucula^ Nmnlana^ Area, Graminatodon, Myoconcha, 
Modiola, Hippopodium, Pteria, Psexidomortotis, Gervillia, Perna, 
Pinna, Ostrea, GrypJma, Alectryonia, Pecten (various subgenora of), 
Lima, Cardinia, Trigonia, Diceras, Cardium, Unicardium, Astarte, 
02ns, Pachyrisma, Plenromya, Ceroniya, Gx'esslya, Pholadomya, 
Homomya, Goniomya, Thracia, 

Cretaceous. Nuada, Area, Cnenlleea, Modiola, Myoconcha, 
Gervillia, Inoccramus, Perna, Pteria, 'Aucella, Aueellina, Oatrea, 
Exogyra, Alectryonia, Pecten (the subgenera Chlamys, Syncyclonema, 
Neithea, etc.), Lima, Spoxidylua, Plicatula, Unio, Trigonia, 
Hippuritea, RadioUtea, Spheerulitea, Cardinm, Protocardia, Thetironia, 
Cyprina, Gyrena, Calliata, Panopea, Pholadomya, 

Eocene. Nucula, A rca, Pectunculua, Pinna, Pecten ( Ghlamya, etc. ), 
Oatrea, Chama, Gardium, Venericardia, Cardita, Aatarte, Craaaa- 
tellitea, Cyprina, Lucina, Gyrena, Corhicula, Meretrix, Paammobia, 
Tellina, Gorhula, Panopea, Pholadomya. 


16—2 
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Oligooene. Mytilm^ Dreisaemia, Oatrea^ 'Cyrena^ Corhvlay 
Erodona Potamomya\ Lmina^ Meretnx^ Vmua^ Paammohia, 

Pliocene. Nucula^ Pectuiicvlua^ Mytilua^ Pecten^ ChlmiySy 
Cardiu7n^ Cardita^ Aatarte, Cyprinay laocardia, Luoina^ Vmu8y 
Doainia Tellina^Mya^ Pholaa^ Thracia, 

CLASS II. GASTEROPODA 

Well-known examples of the Gasteropoda are the snail, 
the whelk, and the cowry. The bilateral symmetry, so 
characteristic of the lamellibranchs, is generally to a large 
extent obliterated, owing to the twisting of the visceral 
mass and the atrophy of some of the organs on one side of 
the body. There is a distinct head, which bears one or 
two pairs of tentacles, and usually also eyes. On the 
Ventral surface of the body is the foot; this is usually large 
and sole-like and used for crawling, but in the Heteropods 
it is in the form of a flattened fin, and in the Pteropods it 
is wing-like. The mantle is never divided into two lobes. 
Respiration takes place in some cjises through the skin, 
but generally by means of a lung-cavity or by gills; the 
latter are placed in a sac formed by the mantle ; sometimes 
they are present on both sides of the body, but usually the 
original left gill has disappeared. In some forms the mantle, 
at the opening of the gill-sac, is produced into a tube, known 
as the siphon, by means of which water passes to the gills. 
The heart is on the dorsal surface, and consists of a ven- 
tricle and usually one, but in some cases two auricles. In 
many forms the gills are placed in front of the heart, but 
in others behind it. The mouth is at the anterior end of 
the body; the anus is occasionally posterior, but as a rule 
it is placed near the opening of the gill chamber. On the 
floor of the cavity of the mouth is a dental apparatus, 
known as the odontophore: this consists of a cartilaginous 
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and muscular ridge on which resfcs a chifcinous ribbon (the 
radula); the radula bears numerous teeth placed in rows, 
and serves as a rasping organ. The arrangement of the 
teeth varies in different genera and is of considerable im- 
portance in classification, but since the radula has never 
been definitely recognised in fossil forms, it can only be 
used by the palaBontologist in the case of genera which 
have existing representatives. In most gasteropods, except 
the carnivorous genera and the Heteropods, there arc also 
one or two horny jaws in the upper part of the mouth 
which are used for biting. The nervous system consists of 
ganglia which are connected by nerve-cords. Typically 
there are three pairs of principal ganglia — the cerebral 
placed above the oesophagus, and the pleural and pedal 
placed below it; a visceral nerve-cord, which may bear 
ganglia, comes off from the pleural ganglia, and forms a 
loop ventral to the intestine. In some gasteropods (the 
Buthyneura) this loop is simple, but in others (the Strep- 
toneura) one side is bent over so that the loop forms a 
figure of 8. Some gasteropods are unisexual, others her- 
maphrodite. 

In the majority of the gasteropods a shell is secreted 
by the mantle; in a few forms, as for instance the slugs, it 
is internal, but usually it is external and covers the visceral 
mass. The shell, except in Chiton and its allies, consists 
of a single piece, and is hence said to be In the 

limpet (Patella) it has the form of a hollow cone; but in 
most cases it consists of a long tube, open at one end, and 
tapering to a point at the other. This tube is coiled into a 
spiral, generally screw-like, each coil being termed a whor l ; 
in a few genera (e.g, Vermetus, Siliquaria) the whorls are 
separated, but as a rule they are in contact (fig. Ill), the 
line between two contiguous whorls being known as the 
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^suture {su). All the whorls, except the last, together form 
the sjpiVg (S) of the shell, the point of which is termed 
the apex Ja). The last whorl is nearly always larger — 
frequently much larger — than the one preceding, and the 
part of it fixrthest from the apex is called the base of the 
shell. The spire varies in form in different genera and 
species; sometimes it is composed of a large number of 
whorls, sometimes of few, and it may be long, short, or 
depressed; occasionally all the whorls are in one plane. 
The angle of the spire {spiral angle) consequently varies; 
this is measured by lines drawn from the apex to the base 
of the shell on opposite sides of the exterior of the whorls. 
The coiling of the shell is usually dextral; so that when the 
apex of the shell is pointed away from the observer (as in 
fig. Ill) the aperture will be on the right-hand side; in a 
few cases it is sinistral, when the aperture will be on the 
left. 

Frequently the inner parts of the whorls coalesce, and 
form an axial pillar extending from the apex to the base of 
the shell (fig. Ill) and known as the colum ella. In other 
cases the inner pai*ts do not fuse, and in the place of the 
columella there is left a tube-like space, extending from the 
base of the shell a greater or less distance towards the apex; 
this space, which opens at the base of the shell, is called 
the uml^ilicu s. When there is a columella the shell is 
said to be when instead there is an umbilicus 

it is perforg^te. The opening of the umbilicus sometimes 
becomes partly or completely filled up with callus (see 
p. 248). The animal is attached to the columella by means 
of a muscle, the contraction of which enables it to withdraw 
completely into the shell; but, when not retracted, the 
coiled visceral mass only is covered by the shell. 

Usually the cavity of the gasteropod shell is continuous 
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from the apex to the aperture, but in a few cases partitions 
are thrown across the earlier parts of the shell (fig. Ill), 
forming chambers which remain empty. The fo|;|jj,,aCJ'.be 
aperture varies considerably in different genera and is of 
great importance in classification; in shape, it may be 
circular, oval, elongate, oblong, etc. Its margin is termed 
the peristome: the outer part forms the outer lip (i), the 



Pig. 111. Longitudinal section of Tritonium corriifjatnm. The upper 
part of the spire has been partitioned oil many times successively, 
a, apex; m, suture; S, spire; L, outer lip of the aperture; nc, an- 
terior canal ; pc, posterior canal. (From Woodward.) 

inner part (that next the columella) the inner lip . As 
the gasteropod crawls along, the shell is ^rrlccl on the 
dorsal surface of its body with the apex directed backward! 
and upward, and the aperture downward; consequently 
the part of the aperture farthest from the apex is (udexior, 
the opposite (nearest the apex) is posterio r. Sometimes, 
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^as in Natica, there is no break in the perig ip g^, and it is 
then said to be entire or Kolostom utom] ii^ -^er cases the 
ant erior border i s notchecTor j)rod:iiced into a tube (ac) in 
wEich the incurrent siphon is placed, and these forms are 
said to be siphonostomatoiis; sometimes there is also at the 
posterior border another notch or a canal (pc)y in which the 
excurrent or anal siphon is placed. The outer lip may be 
thin and sharp, or thickened. Sometimes it is curved out- 
wards, and is then said to be reflected; or it is curved inwards 
— inflected. Its margin may be even, or crenulated, or 
produced into processes. In some genera a shelly deposit, 
termed callmy is secreted by the mantle on the inner lip and 
adjoining part of the last whorl. 

Many genera have a calcareous or horny plate, known 
as the operculum, attached to the dorsal part of the posterior 
end of the foot; this is so arranged that when the animal 
withdraws into its shell the operculum more or less com- 
pletely closes the aperture. It has been considered by some 
as a second valve, but more probably represents the byssus 
of the larnellibranch. The operculum is seldom preserved 
fossil; its form varies considerably in different genera, in 
some {Turbo) it is of very large size with the inner surface 
flattened and the outer convex; it may have a spiral 
structure, and is then sometimes formed of a large number 
of whorls {nmltispiral) as in Trochus, or of a few whorls 
(pmicispiral) as in Littorina. When not spiral it may be 
concentric, if growth takes place equally all round; it is 
then marked with concentric lines, the nucleus being 
nearly central, as in Viviparus; or it may be unguicidate or 
claw-shaped when the nucleus is at the apex as in Fmus. 

^he form of the shell in the spiral gasteropoda varies 
considerably, depending on the arrangement of the whorls 
in one plane or in a helicoid spiral, on the spiral an^e, o^ 
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the number a|i|; shape of the whorls, on the size of the last 
whorl and whether it conceals the earlier whorls or not. 
Jhe chief types are the following: — 

1. Discoidal; all the whorls are nearly or quite in one 
plane, as in Planorhis, 

2. Conical or trochifm'm; conical with a flat base, as 
in Trochus, 

3. Turbinate; conical with a convex base, as in Turbo, 

4. TniTeted or elmgated; as in Turritella, 

5. Fusiform; tapering to each end, as in Fasiis, 

6. Cylindrical; as in Pupa, 

7. Globular; spire short, last whorl large and rounded, 
as in Natica, 

8. Gmivolute; when the last whorl covers all the 
others and the aperture is consequently as long as the 
shell, as in Gyprcea, 

9. Auriform; aperture very large and spire very 
short, as in Haliotis. 

The surfirce of the shell is frequently ornamented with 
spines, knobs, ribs, or strise; these are said to be spiral 
when they run parallel with the sutures, and t ransverse 
when they run across the whorls from suture to suture. 
In some genera (e,g. Mur ex) rows of spines, or lamellar 
processes, extend across all the whorls from the apex to the 
base of the shell, forming what are termed va.ricf.fi . The 
surface of the shell in recent gasteropods is generally 
coloured, often variegated; in fossil examples the colour 
has nearly always disappeared, but a few specimens, from 
various formations, even as early as the Carboniferous, have 
been found showing the colour more or less perfectly pre- 
served. The shell consists of an outer chitinous layer, and 
Qf a calcareous layer, usually aragotiite^ w hich is thick and 
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porcellanous; in some cases there is also an inner nacreous 
or pearly layer. 

The protoconch or embryonic shell is often found at the 
apex of the shell, and usually consists of several whorls 
differing in character from those of the rest of the shell. 
The gradual development of the ornamentation on the 
gasteropod shell may be traced on the whorls which follow 
the protoconch. 

The Gasteropoda are divided into two sub-classes: — 
(1) Isopleura, (2) Anisopleura. 

SUB-CLASS I. ISOPLEUIIA 

The Isopleura include Chiton and its allies, and are often 
regarded as forming an independent class of the Mollusca. 
The body is bilaterally symmetrical and more or less elon- 
gated, with the anus at the posterior end. There are 
numerous (6 to 80) pairs of gills, which are placed in a 
groove between the foot and the nuj-ntle. A nerve-ring 
surrounds the (esophagus, and fr(un it two nerves come off 
on each side and extend to the posterior end of the body; 
ganglia are poorly or not at all develoj>ed. The shell con- 
sists of eight plates placed in a longitudinal row on the 
dorsal surface of the body; eacjh plate usually overlaps the 
one behind it, and a flexible band or,girdle encircles the 
whole series of plates. 

All the forms in this group are marine; they live chiefly 
in quite shallow water, but a few examples have been found 
at groat depths. Although of great antiquity and repre- 
sented by a large number of living species, the Isopleura 
are rarely found fossil. The earliest forms (Priscochiton) 
occur in the Ordovician; Helminthochiton is found in the 
Silurian; Gryphochiton and other genera in the Carboni- 
ferous; LepidopleuruSy Chiton, and others in the Tertiary. 
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SUB-CLASS II. ANISOPLEURA 

The body is asymmetrical, owing to the twisting of the 
visceral mass. There are not more than two gills. The 
shell consists of one piece and is usually spiral. There 
are two orders, (1) Streptoneura, (2) Euthyneura. 

ORDER I. STREPTONEURA 

In the Streptoneura (or Prosobranchia) the visceral 
nerve-coni is twisted into a figure of 8. Usually one gill 
only is present, and it is generally placed in front of the 
heart. An operculum is found in most cases. The Strepto- 
neura are divided into two sub-orders, (1) the Aspido- 
branchia, (2) the Pectinibranchia. 

SUB-ORDER I. ASPIDOBRANCHIA 

The axis of the gill is attached at its base only and 
bears two rows of plates (bipectinate). This group includes 
the more primitive gasteropods inwhich signs of the original 
symmetry are shown by the presence of two kidneys, two 
auricles and, in some cases, two gills. 

’ Patella. Shell conical, oval or sub-circular; apex sub-central 
orexccntric, ncjarcr the anterior Ixu'dcr, often curved forwards ; sur- 
face with radiatin^i,' ribs or .stria), rarely .smooth. Margin Himplc or 
spinose. Muscular irnpre.ssion horse-shoe shaped, open in front. 
Jurassic Qwhaps Paheozoic also) to 2)reHent day. Ex. P. vulgata^ 
Pliocene to 2)rc.sent day. 

4 / Pleurotomazia. Shell tr(K)hifoym, conical, turbinate, or 
nearly"3Tscoidal ; interior nacreous. Umbilicus present or absent. 
Aperture sub-quadrate or oval, outer lip sharp, with a slit which, 
as the shell grows, becomes filled up, leaving a band on the whorls, 
towards which the lines of growth are directed obliquely backwards. 
Operculum horny. Silurian to present day ; common and widesj^road 
in Jurassic, four .species living in the seas of the West Indies and 
Jai)an at depths of from 70 to 200 fathoms. Ex. P. anglica^ Lias ; 
P. orrvataj Inferior Oolite. 
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'■A Murchisonia. Shell turreted, with many, more or less 
angii& whorls, provided with a band as in Pleurotomaria, Aperture 
oblong, with a slit, and a very short anterior canal. Ordovician to 
Trias ; mainly Devonian and Carboniferous. Ex. M, verneuiliana, 
Carboniferous Limestone. 

( Bellerophon (fig. 1 12). Shell globular, smooth or with growth- 
lines^ umbilicus small or closed ; whorls 
few, em\)racing, symmetrically coiled in 
one plane. Aperture sub-circular or 
oval, with a deep median slit, which is 
replaced by a band or keel dividing the 
shell into two similar parts ; columellar 
edge often with callus. Ordovician to 
Permian ; maximum in Carboniferous, 112 . Bellerophon, from 

Ex. B. tenuifasciay Carboniferous Lime- the Carboniferous Lime- 

stone, showing the slit in 
the aperture. x|. 

Emarginula. Shell conical, sur- 
fime generally ornamented with a trellis-work of longitudinal and 
transverse ribs ; apex not perforated, curved posteriorly. Anterior 
border with a well marked slit, which becomes filled up during 
growth, leaving a raised band. Muscular impression horse-shoe 
shaped ; no internal septum. .1 urajisic (perhaps Carboniferous) to 
present day. Ex. E, Jissura, Coralline Crag to present day. 

^Fissurella. Shell similar to Einarglmda, but more or less 
depressed ; apex perforated and nearer tlie anterior than the 
posterior border ; no marginal slit. Muscular impression as in 
Patella, Fissurolla is divided into several sub-genera; many of 
the fossil si)ecies belong to the sub-genus Fissuridea. Jurassic to 
present day. Ex. F, c?'asm, Recent; F. grmoa. Coralline Crag to 
present day. 

ESuomphalUS. Shell depressed, discoidal or conical, with a 
wide*^fi(i large umbilicuT; whorls convex with a ridge on the upper 
surface. Aperture polygonal; outer lip with a slit on its upper 
surface. Silurian to Trias; maximum in Carboniferous. Ex. E, 
pentaivgulatm^ Carboniferous Limestone. 

y*OlKiphalotrochU8 {^HorioBtorm of some authors). Form 
similar to Knxmfhalm, Whorls ornamented with spiral keels and 
numerous transverse striae or fine ribs. Aperture without a slit. 
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Ordovician to Carboniferous; common in Silurian. Ex, 0. ducuBy 
Silurian. 

^ Shell solid, turbinate or conical, whorls convex, in- 

terior nacreous. Aperture large, circular, entire, slightly produced 
anteriorly’; outer lip sharp. Columella cmwod, flattened. Im- 
perforate, or with a small umbilicus. Operculum thick, calcareous, 
exterior convex, interior flat and spiral, nucleus central or sub- 
central. Jurassic to present day. Ex. T. TmrmoratuSy Recent. 
There are numerous sub-genera. 

/ Phasianella. Shell elongated, oval or oblong, smooth, polished, 
without an umbilicius, interior not nacreous. Aperture oval, entire, 
rounded anteriorly, angular jmsteriorly ; outer lip thin, simple, 
sharp. Columella smooth, flattened. Operculum calcareous, with 
an excentric nucleus. Upper Cretaceous to present day. Ex. P. 
duBtraliSy Recent ; P. (fosauicay Upper Cretaceous. 

Amberleya. Shell turbinate, elongate, without umbilicus. 
Whorls ornamented with several spiral Jkeels which are usually 
spiny or nodular ; between the keels are numerous transverse striro 
or flno ribs. Base rounded. Aperture sub-oval ; outer lip often 
crenulated. Trias to Cretaceous (chiefly Jurassic). Ex. A. omatay 
Inferior Oolite. 

Cirrus. Shell sinistral, conical or turbinate, or sometimes 
nearly discoidal, with a very large umbilicus. Spire acute. Whorls 
irregular, ornamented with strong transverse nodular ribs and finer 
spiral ribs ; last whorl large. Aperture rounded, entire. Trias to 
Inferior Oolite. Ex. C, nodosmy Inferior Oolite. 

TrophUB, Shell conical, whorls numerous and flat or slightly 
convex, spire sharp, interior nacreous ; base flat or nearly so, angular 
at the i)eriphery. Aperture entire, rhomboidal; outer lip sharp, 
oblique. Columella twisted, with a prominent anterior tooth-like 
protuberance or a fold. Oj>erculum horny, inultispiral, nucleus 
central. Trias to present day. Ex. T. niloticus, Recent. There 
are numerous sub-genera. 

Shell thick, solid, ovoid or semi-globose, without an 
umbmeusTinterior not nacreous. Spire very short. Surface smooth 
or with spiral ribs. Aperture semicircular, entire ; outer lip thick, 
the interior generally denticulate ; inner lip flattened, with callus, 
and a straight denticulate border. • Operculum calcai'oous, nucleus 
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excentric. Cretaceous to present day. Ex. N, ustvlata^ Recent; 
N. globosa, London Clay and Bracklesham Beds. 

Neritina. Form similar to Nerita, Shell relatively thin, 
usually smooth and with colour marking. Outer lip sharp, not 
thickened, with interior not denticulate ; inner lip flattened, with 
sharp or finely denticulate bolder. Eocene (perhaps earlier) to 
present day. Lives in brackish or fresh water. Ex. N, aperta, 
Headon Beds ; N. zehra^ Recent. 

SUB-ORDER 2. PECTINIBRANCHIA. 

The gill is attached to the mantle throughout its 
length, and bears one row of plates only. There is no 
sign of bilateral symmetry in the circulatory, respiratory 
and excrcitory organs — only one kidney, one auricle, and 
one gill being present. 

Macrochilina {^Macrocheilns\ Shell elongate-oval, with 
sharp spire, and last whorl high. Surface smooth or with growth- 
line. No umbilicus. Aperture ovate, angular behind, sometimes 
with a shallow anterior canal ; outer lip thin, inner lip with a weak 
anterior fold. Silurian to Trias. Ex. M. aroulata^ Devonian. 

liOXOnema. Shell turreted, spire very long ; whorls convex, 
ornamented with sinuous growth-lines ; sutures deep. No umbilicus. 
Aperture long, enlarging in front, with shallow canal; outer lip 
sharp, sinuous. Silurian to Trias (chiefly Carboniferous). Ex. 
L, co'nstrictumy Carboniferous. 

Pseudomelania. Shell elongate, with many nearly flat 
whorls, without umbilicus, spire long, surface smooth or with 
gi’owth-lines. Aperture oval, entire, rounded in front, narrowed 
and angular behind; outer lip sharp. Columella smooth. Trias 
to Eocene; common in Jurassic. Ex. P, heddingtonensisy Corallian. 

Bifi fala Shell turreted, spire elongate; whorls 

numerous, very convex, sometimes separated, ornamented with 
strong transverse ribs or sometimes with lamellee, frequently with 
spiral ribs also. Umbilicus more or less distinct. Aperture circular, 
entire, margin thickened. Operculum horny, paucispiral. Trias to 
present day. Ex. N. scalaris, Recent ; S, grcenlandicay Red Crag to 
present day. 
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Solarium. Shell conical, depressed, angular at the periphery. 
ApeitTirer entire, sub-quadrate ; lip sharp. Umbilicus wide and 
deep, limited by a sharp edge which is generally crcnulatcd. Oper- 
culum horny, spiral. Jurassic to present day. Ex. S. per spectivum^ 
Recent ; S. canaliculatum^ Barton and Bracklesham Bods. 

Purpuroidea. Shell thick, oval, spire rather short, last whorl 
inflated. Whorls step-like, flattened Ijclow the suture, with tubercles 
or spines at the angles. Aperture with a small notch anteriorly ; 
outer lip thin. Inferior Oolite to Upper Oretaceous. Ex. P. 
nodulata^ Great Oolite. 

Ijittorina. Shell thick, without a naercious layer, turbinate, 
with few whorls, without umbilicus. Aperture rounded, angular 
behind, outer lip sharp. Columella flattened. Operculum horny, 
paucispiral. Lias to [)r(iseni day. Ex. X. littorea^ Red Crag to 
present day. 

CapulUS. Shell coni<ial, with apex bent considerably backward 
and more or less spirally inrolled. Aperture rounded or irregular. 
Muscular impression horse-shoe shaped. Lower Paheozoic to present 
day. Ex, G, knugaricm^ Coralline Crag to present day. 

Platyceras. Allied to Oapulus ; apical part usually more ex- 
tensively coiled, dextral. Surface smooth, or with concentric striaj, 
or radial folds or spines. Silurian to Carboniferous. Ex. P, 
cornuiimi^ Silurian. 

^Calyptrsea. Shell thin, conical, trochiform, spiral, apex central ; 
interior with a spiral plate under the aj)ex and attached at the x)eri- 
phery. Aperture nearly circular. Cretaceous to present day. Ex. 
C. chinensis, Coralline Crag to present day. 

^ QIatica. Shell oval, globular, generally smooth, spire short, 
last whorl very large. Aperture semi-lunar or oval, entire ; outer lip 
sharp, inner lip thickened with callus, not crenulate. Umbilicus 
usually present, often filled with callus. Oi)erculum of the same 
size as aperture, horny or calciireous, paucispiral, nucleus excentric. 
Trias to present day. Ex. N, canrma^ Recent ; N, millepunctata, 
Coralline Crag to present day. There are numerous sub-genera. 

Shell conical, low, with flattened or 
concave base ; j)eriphery of last whorl sharp. Aperture large, oblique, 
lower part concave, outer lip sharp and oblique. Umbilicus generally 
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small. Whorls flattened, covered with agglutinated foreign bodies. 
Cretaceous to present day. Ex. JT. agglutinans^ Barton Beds. 

ViviparUB {^Palvdina), Shell thin, turbinate, with a thick 
periostracum ; whorls convex, smooth or with faint ribs. Umbilicus 
small or absent. Aperture entire, oval, slightly angular behind. 
OlKjrculum homy with concentric stria), and oxcentric nucleus. 
Inferior Oolite to present day. Lives in fresh water. Ex. F. lentusy 
Bembridge Beds. 

Shell without umbilicus, turrcted, with many 
flat or slightly convex whorls, ornamented with spiral ribs and 
with strife of growth ; spire very long and acute. Ajjerture oval 
or sub-quadrate, entire, outer lip thin, slightly produced in front. 
Operculum horny. Trias to present day. Ex. T. communuy Plio- 
cene to present day ; T. imbrimtaruiy Barton and Bracklesham Beds. 

Melania. Shell with dark periostracum, elongate, turreted, 
with*Tnany whorls without umbilicus, 
apex sharj) but usually cori'oded. Sur- 
face smooth, or ornamented with spiral 
stria), or transverse ribs, or spines. 

Aperture entire, narrow behind, rounded 
in front ; outer lip sharp, slightly sinu- 
ous behind. Columella smooth. Oper- 
culum horny, oval, sub-spiral. Wealden 
to present day. Lives in fresh water. 

Ex. M. amartda^ Recent ; M. acvZa^ 

Bembridge Beds. 

^ yeripea( fiir. 113). Shell elongate, 
usually without an umbilicus, whorls 
numerous. Aperture sub-quadrangular, 
oval, or elongate, with a short anterior 
canal ; outer lip thin, with a posterior 
slit near the suture, which l>ecomes 
filled, leaving a continuous band. Colu- 
mella and also the interior of the 
whorls furnished with folds which are Fig. 113. Nerinea trachea, 
continuous to the apex. Inferior Oolite partly sliced to show 

to Upper Cretaceous. Ex. N. cingenda, J^or!°”GrMt ‘oolite! 
Inferior Oolite. (Prom Woodward.) x |. 




MOLLUSCA. GASTEROPODA 


257 


C griffij-fjg lP- Shell without au umbilicuB, turreted, without 
periostracum. Whorls numerous, narrow, the last whorl always 
much shorter than the spire. Aperture oblong or semi>oval, with 
a short posterior canal and a well-marked recurved anterior canal ; 
outer lip more or less thickened and often somewhat reflected ; 
columellar edge concave. Operculum horny, oval, paucispiral, with 
submarginal nucleus. Jurassic to present day. Ex. (7. adansoni^ 
Recent ; C. mutahile^ Rarton and Bracklosham Beds. . There are 
several sub-genera. Gerithiuni in the restricted sense includes forms 
in which there is a strong ridge on the posterior part of the inner 
lip forming the inner boundary of the posterior canal, the outer lip 
is expanded in front, and the whorls are provided with varices. Ex. 
0. mdulosum, Recent. 

l^tamides. Form similar to Shell with a brown 

or blackish periostracum. Aperture rounded or 8ub-(piadrangular ; 
either with a fold in front or a very short and not recurved 
anterior canal ; outer lip rather thin. Operculum circular, multi- 
spiral, with central nucleus. Lives in brackish water. Cretaceous 
to present day. Ex. l\ lapidus^ Eocene ; P. lamarcki^ Oligocene. 

Aporrhais. Shell fusiform, without uinbilicus, whorls nume- 
rous, spire elongate. Aperture produced in front into a straight or 
curved canal. Outer lip expanded, thick, with an anterior sinuosity, 
lobed or digitate, the posterior process being attached partly or 
entirely to a part of the spire forming a canal. Operculum small. 
Jurassic to present day. Ex. A. pes 'pelicaniy Coralline Crag to 
present day. 

Dicroloma Maria). Similar to Aporrfiais^ but without a 
process from the outer lip attached to the spire, and without 
anterior sinuosity. Jurassic and Cretaceous. Ex. D. arrnata^ 
Great Oolite. 

StrombUB. Shell ovoid, vontricose, tuberculate or spiny, 
without umbilicus. Spire with several whorls. Last whorl very 
large. Aperture long, narrow, with a short anterior channel ; ' 
canaliculate posteriorly ; outer lip expanded, wing-like, thick, often 
lobed behind, with a sinus near the anterior margin. Operculum 
small, horny, claw-shfiped, with serrated edge. Eocene to present 
day. Ex. S.pugilis, Recent. 


w. p. 
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>r<^R 08 tellaria. Shell fusiform, spire elongated, composed of 
inaiiy whorls, which are smooth or faintly ribbed. Aperture oblong, 
with a long straight or slightly curved anterior canal, and a 
posterior canal applied to the spire ; outer lip expanded, with 
tooth-like processes, and an anterior notch. Operculum small, 
oval or claw-shaped, edge not serrated. Eocene to present day. 
Ex. ll. curta^ Recent ; R. lucida^ London Clay, etc. 

Hippochrenes. Similar to Rostelluriay but outer lip wing*« 
like and without processes. Upper Cretaceous and Eocene. Ex. 
H. amplus, Barton Beds. 

Rimella. Similar to RmteUaria^ but with cancellate orna- 
mentation ; outer lip but little expanded, and reflected outwards ; 
canal reaching nearly to the apex of the spire. Eocene to present 
day. Ex. R. rimnsd. Barton Beds. 

^ Cypr®a. Shell ovoid or elongate, convex, convolute, surface 
CO vlftd''Wffl'*''8hin i ng enamel. Spire almost or quite concealed by 
the last whorl. Aperture oblong and narrow, as long as the shell, 
with a short canal at each end ; outer lip inflected and creniilated ; 
inner lip crcnulated. In the young form the outer lip is thin and the 
spire prominent. Eocene to present day. Ex. 0. mappa. Recent; 
G. oviformis, London Clay. Trivia is similar but smaller and with 
transverse ribs. Eocene to present day. Ex. T, europcea^ Recent. 

Tritonium (fig. ill). Shell thick, oval or fusiform. Spire 
elongate, with varices which are continued over a few whorls only. 
Aperture with a posterior notch, and a slightly curved anterior 
canal ; outer lip thick, crenulate internally ; inner lip with callus 
and usually with folds. Eocene to present day. Ex. 71 variegatum^ 
Recent ; T, nodnlomm^ Barton and Bracklesham Beds. 

Buccinum. Shell oval or elongate, without an umbilicus. 
Spire of moderate length. Whorls ventricose, smooth or with longi- 
tudinal folds. Aj)erture oval, large ; outer lip simple, thin ; anterior 
canal short, truncated, a little reflected ; columella a little sinuous. 
Operculum small, oval or circular. Eocene to present day. Ex. 
B. nndatum^ Coralline Crag to present day. 

Nassa. Shell solid, ovate, elongate, without umbilicus, usually 
ornamented. Aperture oval, with a very short reflected anterior 
canal ; inner lip with callus, reflected on to the last whorl, with a 
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ridge near the posterior end; outer lip thick, crenulate internally 
Columella truncated, provided with an oblique fold in front. Upper 
Cretaceous to pi*e8erit day. Ex. N, mxitahilis^ Pliocene and living. 

ChrysodomUB ( = Neptmiea), Shell solid, fusiform, spire more 
or less elongate, sometimes sinistral. Aperture oval ; outer lip simple 
inner lip smooth ; anterior canal short, slightly twisted. Operculum 
horny, unguiculate. Eocene to present day. Ex. C. antiqmi,% Red 
Crag to present day. 

Purpura ( = Thais). Shell tuborculate, striated or lamellar, 
without varices. Spire rather short, last whorl large ; no uinl>ilicus. 
Aperture oval, large, with either an anterior notch or a short oblique 
anterior canal, and a posterior notch or groove. Coluinolla flattened 
with callus. Operculum lamellar, nucleus marginal. Miocene to 
present day. Ex. P. persiea., Recent; P. lapillus., Red Crag to 
present day. 

^ yhcll thick, oval or elongate, spire prominent and 

sharp ; whorls convex, cacih carrying throe or more varices, which 
may bo spiny, foliac^eous, or tubercular. Aperture ovate ; anterior 
canal more or less long, narrow and tubular, often nearly closed ; 
no posterior canal ; outer lip thick, inner lip smooth. Operculum 
oval, nucleus sub-apical. Eopene to present day. Ex. M. hrandaris, 
Recent ; M. froxuiosics, Barton Beds. 

Typhis. Similar to Mu7'e.v ; sra.all, with hollow spines ; anterior 
canal short and completely closed. Eocene to present day. Ex. T. 
pungens, Barton Beds. 

FUSUS. Shell without umbilicus, narrow, fusiform, elongate; 
spire sharp, with many whorls. Aperture oval ; outer lip simple, 
thin, interior oftcTi striated. A long, straight, narrow anterior canal, 
not closed. Columella smooth, without folds. Operculum oval. 
Cretaceous to present day. Ex. P. coins, Recent; P. porrectus, 
Barton Beds. 

Clavilithes {^Clavella). Shell thick, usually large, fusiform, 
nearly smooth (except the earlier whorls, which have transverse and 
spiral ribs). Whorls often with a posterior carina near the suture. 
Ai)erture pyriform, channelled posteriorly, with a long straight an- 
terior canal ; outer lip thickened posteriorly. Last whorl contracting 
rapidly in front. Eocene to present day. Ex. G. longwvus. Barton 
Beds; C. Middle Eocene. 


17—2 
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Mitra. Shell fusiform, thick. Spire elevated, summit acute. 
Aperture narrow, elongate, notched in front. Columella with several 
oblique folds, of which the posterior are the stronger ; outer lip not 
reflected, thickened, but not grooved internally. No operculum. 
Eocene to present day. Ex. M. epiacopalisy Recent; M. {Mitreola) 
lahratulay Bracklesham Beds. 

Volute. Shell thick, ovate, with short spire and turbinate 
protwonch. Last whorl very large ; on the posterior part are 
nodules or spines which are continued anteriorly as transverse (or 
axial) ribs. ApeHure elongate, with an angular channel at the 
posterior end ; broad, and deeply notched at the anterior end ; outer 
lip thick ; inner lip with thin callus. Columella with several trans- 
verse, only slightly oblique folds, of which the four or five anterior 
are strong and nearly equal, and the j^osterior two or three are smaller. 
Eocene to present day. Ex. V. musicay Recent ; F. mmicalisy Eocene. 

Volutospina. Shell fusiform, with rather short, conical spire ; 
protoconch small, with sharp apex. Last whorl very large, tapering 
anteriorly. Whorls ste})-like, owing to the posterior part being 
flattened or concave ; at the angle of the whorls is a row of spines 
(usually prominent) which are prolonged anteriorly as transverse 
(or axial) ribs ; the latter are usually crossed by spiral ridges. Aperture 
elongate ; at the posterior end one channel at the suture, another at 
the level of the row of spines ; anteriorly the aperture is truncated 
and slightly notched. Outer lip usually thin ; inner lip with thin 
callus. Coluraelhi with four or five very oblicpie folds, of which the 
anterior are stronger than the i)osterior. Upper Crebiceous to present 
day. Ex. V. spmosay Eocene ; V. luctatrixy Barton Beds. 

Ancilla { — Andllaria). Shell smooth, oval or oblong; last 
whorl large ; sutures usually covered by callus. Aperture elongate, 
broadening anteriorly, with a small notch near the suture, and a 
deep sinuosity at the anterior end which is truncated ; columella 
with callus posbariorly, twisted, and with folds anteriorly. ‘ Creta- 
ceous to present day. Ex. A. huednoidesy Bracklesham, Barton, and 
Headon Beds ; A, dnrmrMjneay Recent. 

{=Turri»). Shell turreted, fusiform, spire long 
and sharp, last whorl long. A{)erture oval, elongate ; outer lip curved, 
with a deep slit at a short distance from the suture ; inner lip smooth. 
Anterior canal long, straight, narrow. Columella without folds. 



MOLLUSCA. GASTEROPODA 


261 


Operculum homy, ovate, acute, nucleus apical. Upper Cretaceous 
to present day. Ex. P. hahylonia^ Recent ; P. undata, Brackl^ham 
Beds. There are numerous sub-genera. 

^ Conus. Shell conical, generally smooth, the last whorl en- 
velo^'ng {Ke greater part of the preceding whorls. Sp ire short, 
flattened or conical, with many whorls. Aperture long, narrow, 
straight, with parallel or sub-parallel borders, ending anteriorly in a 
truncated canal ; outer lip thiti, simple, no folds or teeth, notched 
at the suture. Columella straight, smooth. Operculum horny, much 
smaller than the aperture. Upper Cretaceous to present day. Ex. 
0. marmorem, Recent ; C. depeidltm, Brackleshain Beds. There are 
numerous sub-genera. 

The Heteropoda are a group of the Streptoneiira which 
have become modified for a pelagic mode of life. The foot 
is laterally compressed so as to form a vertical fin. A shell 
may be absent, but, when present, it is always thin and 
light. Only a very few forms have been found fossil. 

ORDER II. EUTHYNEURA 

The visceral nerve-cord forms (except in a few genera, 
e.g, Actwon) a simple, untwisted loop. One gill only is 
present. An operculum is generally absent. Inhere are 
two sub-orders, (1) Opisthobranchia, (2) Pulmonata. 

SUB-ORDER I. OPISTHOBRANCHIA 

The gill is placed behind the heart; there is one 
auricle only, which is behind the ventricle. All the 
Opisthobranchia are marine; they are divided into two 
groups: — 

(1) the Nudihranchia, in which there is no mantle, 
and no shell in the adult. No examples of this division 
have been found fossil; 

(2) the Tectibranchia, which usually possess a mantle, 
a shell, and a true gill. The following genera are examples 
of the Tectibranchia. 
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Act&eon. Sholl oval, ornatneoted with spiral pitted striae or 
grooves ; spire promi neiit, conical, sharp. A^>erture elongate, rounded 
in front ; outer lip sharp ; columella with one strong, slightly oblique 
fold at the anterior end. Cretaceous to present day. Ex. A. toma- 
tilisy Coralline Crag to present day. 

Avellana. Shell globular, ornamented with spiral strife or 
grooves ; spire very short. Aperture semi-lunar, curved, entire ; 
outer lip much thickened, reflected externally, dentate internally. 
Iiiiier lip thickened, with two or three prominent folds. Cretaceous. 
Ex. A. incraamta^ llp])er Creeiisand. 

" Bulla ( ~ Bullari(t). Shell solid, smooth, sub-globular or ovoid, 
convolute. Spire concave. Aperture as long as the last whorl, rounded 
at both ends, widest in front ; (Miter lip sharj>. Inner lip with callus. 
(Cretaceous to pnwent day. Ex. />. anipuUa^ Recent; B. globulus^ 
London (Jlay and Bracklesham Beds. 

The Pteropods are pelagic gusteropods in which the 
foot is modified to form two lateral wing-liko fins, and the 
head is not well marked ; a shell may or m.ay not be 
present. Pteropods occur in lai'ge numbers near the 
surface in the open ocean, especially in warm regions ; and 
their shells, which are thin and transparent, form a con- 
siderable p.‘irt of the ‘ l)ten>x>od ooze ' — one of the deep-sea 
deposits found in parts of the Atlantic Ocean. 

By some writers the Pten^pods have been regarded as 
a distinct Class of the Mollusca; by others as an Order of 
the Gasteropoda. Recent work on living forms, however, 
has shown that they agree very closely with the Opistho- 
branchia, and they are now generally regarded as specialised 
members of the Tectibranch group which have become 
adapted to a pelagic mode of life. 

Living families of Pteropods, represented mainly by 
recent genera, occur in the Upper Cretaceous and Tertiary 
formations, but are not known from earlier deposits. In 
the Palaeozoic formations, however, numerotis fossils^’ which 
have been regarded by various authors as Pteropods, are 
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found. Thus in the Silurian and Devonian rocks large 
numbers of small conical smooth shells, which closely 
resemble the living Styliola, occur, and may be the remains 
of Pteropods. 

Hyol'ithes (fig. 114), Comdaria, Tentacidites and other- 
allied genera are also found in the Palaeozoic, beginning as 
far back as the Cambrian and Ordovician. Their shells, 
however, are larger and thicker than those of living 
Pteropods, and in Conidaria they wcu-e, in some cases, 
attached by the apical end. Some writers have suggested 
that these Palaeozoic genera are allied to primitive Cephalo- 
pods (such as Volborthella), since st‘pta are sometimes 
present in the shell and ])ossibly also a siphuncle. The 
recent discovery by Walcott of the j>resonce of wing-like 
fins in a specimen of Hyolithes from the Middle Cambrian 
supports the view that that genus is really a l^t(u-opod; if 
that is confirmed it follows that the Pteropods are the 
oldest group of the Opisthobranchs and cannot have been 
derived from the later Opisthobranchs which are not known 
before the Carboniferous period. The systematic position 
of Conidaria and Tentacidites must still be‘ regarded as 
doubtful. 

B^olithejS ( — T/mca) (i’lg. 1 1 4). Shell (5alcariH)us, straight, rarely 
curved, pyraiuidal ; its section triangu- 
lar, elliptical, semi -elliptical or nearly 
circular ; surface smooth or striated ; 
posterior part sometimes crossed by 
septa. Aperture with an operculum. 

Cambrian to Permian. Ex. H. elegansy 
Ordovician. 

’Conularia. Shell thin, formed 
of jphitin, more or less impregnated 

wife lime ; generally straight, pyra- pjg Hyolit1ie> from the 

midal, with four sides ; each angle of Cambrian, showing the oper- 
the pyramid with a straight groove ; culum. x " 
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each lateral face iiiay have a median longitudinal groove. Apical 
part of shell sometimes with a few convex septa. Surface smooth, 
or ornamented with numerous transverse, parallel, angulated ridges, 
and sometimes with longitudinal ridges. Ai)erture partly closed by 
incurved triangular lobes. Ordovician to Lias. Ex. C. qwidrisulcata^ 
Carboniferous. 

T entac illites ■ Shell calc^areous, thick, solid, in the form of 
a greatly elongated cone, straight or slightly curved, with circular 
section ; apical part with septa, its end often witli a vesicular enlarge- 
ment. Surface provided with prominent, transverse, parallel rings, 
and with transverse and longitudimil strije. Ordovician to Devonian. 
Ex. 71 anglicm, Bala Beds. 

Other genera, which a|)i)ear to be allied to the preceding, are 
ITgolitkellus, Salterella^ and Coleolus from the Cambrian. 


SUBORDER 11. PULMONATA 

The mraiitle-cavity is modified to form a lung. There 
is no gill. An operculum is nearly always absent in the 
adult. The Pulmonata are mainly land and fresh-water 
forms, 

y Xiimnsa. Shell spiral, thin, horny ; last whorl very large, spire 
sharp. Aperture large, oval, rounded in front. Columella more or 
less twisted. Peristome sharp, entire. Piirbeck Beds to present day. 
Lives in fresh water. Ex. L, stagnalis, Pliocene to prasent day; 
X. longiscata, Headon Beds, etc. 

/ Planorbis. Shell discoidal, homy, whorls numerous. Aj>er- 
ture oblicpie; peristome simple, sharp. Jurassic to present day. 
Fresh water. Ex. P. corneus, lied Crag to present day ; P. emm- 
pheUnSy Headon Beds. 

" Helix, Shell variable — conical, discoidal, or globular ; with or 
without an umbilicus; aperture oblique. Peristome simple or re- 
flected. Eocene to present day. Lives on land. Ex. AT. nemordlis^ 
Pleistocene and living. There are numerous sub-genera. 
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Distribution of the Gasteropoda 

Some of the Gasteropoda live on land, others in fresh 
water, but the majori ty are marine ; they are found in the 
seas of all parts of the world but are especially abundant 
in warm regions and in comjmratively shallow water. A 
few forms can exist both on land and in water, e.g, 
Ampnllaria, which commonly lives in lakes and rivers, 
and is also found on land. Some marine genera, such 
as Litto7'ina, Cerithima, and Purpura, are able to live in 
fresh as well as in salt water; on the other hand some 
fresh-water forms are at times found living in the sea, 
e,g. Limmea, Neritina, Bithynia, and Plai\orhis\ this is 
especially the case in places where the water is less salt 
than the main mass of the ocean, as for instance in the 
Baltic, where we find the genera j\ist mentioned living 
side by side with Littorina and with the marine lamelli- 
branchs Cardium, Tellina, and Mya, IVo divisions of the 
Gasteropoda are entirely marine, viz. the Isopleura and 
Opisthobranchia ; the Streptoneura (or Prosobranchia) are 
mainly marine. Nearly all the Pulmonata are found on 
land or in fresh water. 

In this place a few words may be said with regard to 
the distribution of the marine Mollusca generally. 

These may be divided into two groups belonging to 
the Plankton and the Benthos respectively. 

The Plankton includes animals which swim or float 
either near the surface of the sea or at various distances 
below it ; among the Mollusca the chief forms are the 
Pteropods, the Heteropods and a few other Gasteropods, 
as well as many Dibranchiate Cephalopods ; the shells in 
these are either thin and light or altogether wanting. The 
geographical distribution of the species which live near 
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the surface is determined mainly by the temperature of 
the water. 

The Benthos includes animals which are fixed to the 
sea floor or live crawling on it or swimming just above it. 
The distribution of the Mollusca in depth depends on the 
depth of the sea and the accompanying changes in tern- 
})erature, pressure, light and other physical conditions. 
The Benthos may be divided into : 

(1) The Littoral zouCy which extends between high 
and low water marks and is conscwjuently inhabited by 
animals which can live exposed to air for periods each day. 
In the European seas this zone is characterised by the 
abundance of the genera Littorina, Trochus, Patella, 
llydrohia, Haliotis, Fissurella, Holen, My a, Donax, Cardium. 

(2) The Continental shelf. This includes the gradual 
slope from the low water-mark down to a depth of 100 or 
sometimes 200 fathoms, and extends to a distance of from 
20 to 200 miles from land. It is on this part of the sea 
floor that most of the terrigenous deposits are laid down. 
The character of the molluscan fauna is influenced largely 
by the nature of the sediment on the sea-bottom, some 
genera {e.g. Mya, Bcrohicularia, Lutraria) being found 
especially on muddy bottoms, others {e.g. Natica., Turritella, 
Gyprcea, Gardinni) on sandy, and yet others {e.g. Buccinuni, 
Littorina, Patella, Area) on rocky. 

The uj)per part of the continental shelf finm low water 
down to about 15 fathoms is known as the Laminarian 
zone. It is characterised by the great abundance of algao 
{Laminaria, etc.) which afford food for numerous phyto- 
phagous molluscs; it is the region into which sunlight 
penetrates freely, the action of waves is felt, periodic 
changes of temperature occur, and the salinity is reduced 
owing to the drainage of fresh water from the land. In 
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the European seas some of the commonest genera are 
Trochm^ Nassa, Rissoa, Ostrea. Nudibranchs are also very 
numerous. 

Below the Laminarian zone the conditions become more 
uniform and less liable to sudden alteration. The changes 
in temperature are gradual, and seasonal rather than 
diurnal ; the salinity is more constant, and light <liminishes 
gradually with increasing depth and with it vegetation 
decreases. At a (kiptli of about 100 fathoms (the lower 
limit of the continental shelf) the finer terrigenous materials 
are deposited forming what is known as the ‘ mud-line’ — 
a rich feeding ground for animals. 

The part below the Laminarian zone down to a depth 
of abcuit d5 fathoms is known as the 2 one of N nUipores or 
Corallines on account of the numerous calcareous algie 
(Coral linaceae), and is characteriscul by the abundance) of 
Pleurotoma.y Fimis, Chrysodomnsy Ihiccinutn, Natica, Eu- 
liinay VeniiSy Dosinia, AstartSy Nmnluy Area, LimOy Pecten. 

Below this is the zone of Brachiopods and deep-sea 
Corals) off Europe. Ocatoa is the common coral; Brachio- 
pods and Polyzoa are abundant. Some of the chief 
molluscs are Tnrritellay Odostomuiy Dentalium, Tellinay 
Cuspidaria (= Newra)y Yoldia, 

(3) The Deep Sea and Abyssal Region begins at the 
edge of the continental shelf with the relatively steep 
'continental slope’ extending down to about 500 fathoms, 
followed by the more gentle slope to* the great deeps of the 
oceans. In this region light, except in the shallowest 
parts, is absent, the temperature is very low and nearly 
uniform at any one spot, currents are not felt, and the 
pressure of the water becomes very great. The only varia- 
tion of importance is in the nature of the sediment which 
consists of fine ooze. The number of animals decreases 



268 


MOLLUSCA. GASTEROPODA 


with the increase of depth. The shells of the molluscs are 
mostly thin, colourless, transparent and of small size. 
Scaphopods are numerous; other common forms are 
Pleurotoma, Fusus, Actwon, Scaphander, Philine, Area, 
Nucvla, Limopsis, Nucnlana, Lima, Pecten, 

Owing tio the relative uniformity of the physical condi- 
tions the geographical distribution of the deep-sea species, 
although not unlimitejd, is greater than the range of the 
species which live on the continental shelf, especially on 
its shallower pans. 

Of the Mollusca which live in shallow water or at 
moderate depths some few species have a very wide or 
almost cosmopolitan distribution, but the majority have a 
more limited range. In studying the geographical distri- 
bution of these Molluscs it is found that a number of areas 
or provinces can be recognised, each of which is character- 
ised by the abundance of certain genera and species, and 
by the presence of some species which are either confined 
to that province or rarely found to extend beyond it; so 
that the general assemblage of molluscs found in each 
province possesses characteristic features. Two neighbour- 
ing provinces are not, as a rule, separated by a sharp 
boundary, and but few genera are confined to any one 
province. In the European and Northern Atlantic region 
the chief provinces* are: the Arctic, which includes the 
polar seas and extends as far south as the north coast of 
Iceland and the North Cape on the east of the Atlantic 
and to the shores of Newfoundland on the west; the Boreal, 
extending from the last down to near the southern end of 

^ For a map of the provinces see Wool ward’s Manual of the Mollueca, 
or Fischer’s Manual dc Conchyliologie, or Encyc, Britannica, ed. 11 
(1911), p. 722. 
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Norway and including Iceland (except the north coast), 
the Faroe Islands and perhaps the Shetland Islands, 
and the American coast from the Gulf of St Lawrence to 
Cape Cod. The occurrence of the Boreal fauna on both 
sides of the Atlantic is accounted for by the former existence 
of a shallow coastal region across the North Atlantic along 
which this province was at that time continuous ; the 
Celtic, including the coasts of Southern Sweden, the 
Baltic, Denmark, Northern France and the British Isles; 
and the Lusitanian, comprising the coasts of the Bay of 
Biscay, Portugal, the Mediterranean, and North-west 
Africa, including the Azores, the Canaries and Madeira 
groups. Altogether some nineteen provinces have been 
recognised, and these may be giouped into larger regions. 

The chief barrier to the geographical extension of 
species is temperature, and consequently their range is 
influenced largely by the warm and cold currents in the 
surface waters of the sea. An example of this is seen in 
the North Atlantic where, owing to the cold Labrador 
current, the Arctic province extends much further south 
on the American coast than on the European; similarly, 
owing to the Gulf Stream drift the Boreal province is 
found further north on the European side than on the 
American. Another striking instance of the influence 
of currents is seen off South Africa; the warm water 
molluscs of the West coast are separated from those of the 
East coast by the cold water of the* Antarctic drift which 
flows to the coast of Cape Colony, forming a barrier between 
the West African province and the Indo-Pacific province, 
thus causing the Cape province to have a special molluscan 
fauna. 

The distribution of shallow-water molluscs is also 
interrupted by the presence of a wide and deep ocean. 
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Thus the fauna of the Indo-Pacific province which extends 
froiri East Africa along the coasts of the Indian Ocean to 
the Malay Archipelago, Northern Australia and the islands 
of the Pacific as fiir as 108® W., is prevented from reaching 
the American coast by the deep and broad Pacific Ocean. 

Some species of molluscs which live in shallow water in 
cold regions are found to extend to temperate or tropical 
regions in deeper wattu- where a similar temperature occurs. 
A few species are independent of both temperature and 
dx^pth ; thus Ve?it/s mesodesma was found on the shores of 
New Zealand at 55'’ F., and was dredged in 1000 fathoms 
at 37” F. ofi* Tristan d’Acunha. 

In the Palaeozoic and Mesozoic formations gasteropods 
arc generally less abundant than larnellibranchs, but they 
exceed them at the present day. The earliest forms occur 
in the Lower Cambrian Beds. Throughout the Palseozoic 
formations the holostomatous Streptoneura are the pre- 
dominating forms; no gasteropods with a well -developed 
canal are known to occur until the Trias is reached, but 
siphonostomatous genera become fiiirly abundant in the 
Oolites, they increase still inore in the Cn'tacjcous, and in 
the T(5rtiary they arc the principal forms. In the fossil 
state the otluu* divisions of the Gasteropxla are not nearly 
so well represented as the >Streptoneura. The Isopleura 
range from the Ordovician to the present day, but are rare 
as fossils. The Heteropoda are represented by a few forms 
only, the first occurring in the Miocene. The Opistho- 
braiichia range from the Carboniferous to the present day; 
they arc moderately well represented in the Jurassic and 
Cretaceous formations, and become more abundant in the 
Tertiary. Pteropods belonging to living types are found 
in the Upper Cretaceous and later formations, and earlier 
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forms which may belong to this group occur in the Paheo- 
zoic. Marine forms of Pulmonata appear first in the 
Devonian ; non-marine forms are found in the Carboni- 
ferous, but are rare until the Piirbeck and Wealdcn 
periods, and become abundant in the Tertiary deposits. 

The most important geneiu of Gastiu’opoda found in 
the different systems are : — 

Cambrian. Scenella^ Straparollina^ Ophilcta^ Stenothaca. 
Ord<.)vician. Crytolites^ Belleropkon^ Holopmi^ Raphistoma^ Cyclo- 
neina^ Maclurea^ Subulites. 

Silurian. Plewrotomaria^ Belhrophon^ Omphalotrochus^ IlolopaHt^ 
Cycloiiema^ Holopella^ Platyceras. 

Devonian. Pleurotomaria^ Murchisonia^ Bellerophon^ Loxonema^ 
Buomphalus^ Macrocldlina, Oapvl'us. 

Carboniferous. Metoptoma, Pleurotomaria^ Mnrchisonia^ Bellero- 
phon^ Loxonema^ Euomphalus, Natieopsisy Afiurochilina, Capulus. 
I^ermian. Pleurotomariuy Murchimniiiy Loxo^iemay Macrochilimi. 
Trias. Pleurotomanay TrochuHy Lo.voneymiy Scaldy JVatieopdSy 
Naticdy Turritdla. 

Jurassic. Pleurotomana, Amherleydy CirniHy Trochm, Natiody 
Psend^melanidy Bourymtiay NerineHy Cerithiwmy Divroloiiia ( = yl laria\ 
Malapteray Purpurmay Pnrpuroidea. 

(.^reiaceous. Plmrotomariiiy Bolariiwiy Turriidbiy Ndtira, Vivi- 
paniSy Cerithianiy ^ScalUy Aporr/ifm, Dhroloina { ■— Alay'ia), A rellana. 

Eocene. Xenophoray CalypylrmHy NntivUy Mdanatriay TurriteUay 
Gerithiumy lioateUariiiy Hippov.hreneSy Rirndldy AporrhaUy CyprmHy 
CassUy Cassidaruiy Tnioniimiy FusiiSy ClavUithes ( — Glavdla)y Rycuni 
/jeio8toma)y Puaniay Pyriday MnreXy Typhi^y Volutay Vohdo- 
spitidy VolutilitheSy Olivay Ancillay Pletirolomay ConuSy Conorhis. 

Oligoccne. Neritay Nentiiuiy Naticdy ViviparuSy MelaniHy Mela- 
nopsisy Gerithiumy PotamideSy Murexy FuauSy Aiidhla, Pleurotomay 
Limnceay Planorhisy Rissody Udbsy Amphidromm, 

Pliocene. Emarginulay P'usurdlay TrochuAy ScaUiy Tnrritellay 
Naiicdy Littorinay GapuluSy Gerithiumy Aporrhaisy Trividy Buccinuruy 
Liomesm ( — Bticcinopsu)y THtonofusuSy GhryaodomitSy Nassdy Purpurdy 
Trophouy Scaphelldy Actceon. 
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CLASS III. SCAPHOPODA 

The Scaphopoda include only a few genera, which in 
some respects resemble the lamellibranchs, and in others 
the gasteropods. The body is elongated in an antero- 
posterior direction, and is bilaterally symmetrical. The 
mantle is nearly cylindrical, since its right and left margins 
are united ventrally; the mantle-cavity is open at both 
ends. The mantle secretes a nearly straight or slightly 
curved tubular shell which is also open at both ends, and 
gradually increases in width from the posterior to the 
anterior end; the concave side is dorsal. The foot is 
elongated and cylindrical : it can be protruded through 
the larger (anterior) aperture of the mantle and shell, and 
serves as a burrowing organ. The animal is attached to 
the posterior part of the shell by means of a muscle ; an 
odoiitophore is present, but the head is rudimentary, 
and eyes, gills, and heart are absent. The sexes arc sepa- 
rate. All the scaphopods are marine, and they usually live 
buried in sand or mud, with only the small posterior 
extremity projecting into the water ; they range from the 
shore-line down to a depth of 2500 fathoms ; only a few 
occur in the littoral zone, the majority being found in 
deeper water. The earliest forms are found in the Ordo- 
vician rocks. 

Dentalium. Shell conical or sub-cylindrical, tapering poste- 
riorly, slightly curved. Anterior aperture simple, not constricted; 
posterior aperture smaller, witho\it a fissure. Surface ornamented 
with longitudinal striaj or ribs. Eoce ne to j)resent day. Ex. Z). de- 
•phmJtinum^ Recent. Forms closely allied to Dentalium occur in 
many Palaeozoic and Mesozoic fonuations. 
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CLASS IV. CEPHALOPODA 

The Cephalopods are entirely marine and are more 
highly organised than other molluscs ; well-known living 
forms are the cuttle-fishes, the squids, the paper-nautilus 
and the pearly nautilus, whilst amongst extinct types 
are belemnites, ammonites, and goniatites. Existing 
forms are always bilaterally symmetrical. The head is 
well marked and is separated from the body by a con- 
striction ; it is especially characterised by the presence of 



Fig. 115. Diagram of a vertical median antero-posterior section of Sepia 
officinalis, a, shell; 5, mouth of mantle-cavity; c, mantle-cavity; 
d, funnel; e, arms; /, long arm; the upper beak or jaw; /r, the 
lower beak or jaw ; i', odontophorc ; ft, the viscero-pericardial sac ; 
I, the nerve- col lar ; m, the crop; w, the gizzard; o, the anus; />, left 
gill; q, ventricle of the heart; r, renal glandular mass; s, left ne- 
phridial aperture; t, viscero-pericardial aperture ; w, branchial heart; 
ink-sac. (After Lankestcr.) 

a circle of arm -like or lobe-like processes around the mouth 
(fig. Ho, e,f)\ these processes are provided either with 
sucking-discs or with tentacles, and are used for seizing 
food, and in locomotion. Behind ^e head is a muscular 
tube termed the funnel ((f), which opens in front to the 
exterior, and behind into the mantle-cavity (c) ; this may 
be either a perfect tube or may be formed by the apposi- 
tion of two trough-like lobes. The arms or lobes around 

18 
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the mouth are usually regarded as representing the fore- 
foot, and the funnel as the mid-foot, the hind-foot being 
absent. The name Cephalopoda is due to the view that 
the fore-foot has grown round the mouth and is divided up 
into arms or lobes. The part of the body near the mouth 
and funnel is usually regarded as ventral, and the opposite 
part as dorsal. 

On the upper surface of the head there are two large 
eyes, which, except in Nautilus, are almost as highly 
developed as in vertebrate animals. The mantle is formed 
by a single fold of the skin, which passes quite round the 
body ; on the anterior (upper) surface the fold is very 
shallow so that the mantle-cavity exists mainly on the 
posterior (under) surface. The feather-like gills (p) are 
placed in the mantle-cavity; in the Dibranchs (cuttle- 
fishes, etc.) there is one pair, in Nautilus there are 
two. A current of water flows in at the sides of the 
mantle-cavity, and can be forced out through the funnel 
by means of the contraction of the walls of the mantle- 
cavity. In the Dibraiichiate Cephalopods there is a gland, 
known as the ink-sac (w), which secretes a black fluid 
(sepia); the duct from this gland opens with the anus 
(o) into the mantle-cavity; the ink is ejected at times 
and passes out through the funnel, rendering the water 
cloudy, and by this means facilitating the escape of the 
animal from its enemies. Just within the mouth there 
are two jaws {g, h) which have the form of a pan*ot's beak, 
and are either horny or calcareous. An odontophore (i) 
is also present, but the arrangement of the teeth is less 
variable than in the gasteropods, and is of little value for 
systematic purposes. 

The heart consists of a median ventricle {q\ and of 
lateral auricles, which are either two or four in number, 
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according as there are two or four gills. The nervous 
system is remarkable in that the ganglia are placed 
close together, forming a central mass (Z); one part is 
placed above the cesophagus, and is connected by cords 
with the other part beneath it. This central nervous 
system is covered by a cartilaginous ring and gives off 
nerves to the arms, viscera, etc. The sexes of the Cephalo- 
pods are always separate, and show external differences. 
In some genera there is no shell ; but when present it may 
be external (fig. 116) or internal (fig. 115, a); in the 
latter case it is usually placed in a sac formed by folds of 
the mantle on the antero-dorsal side. The Cephalopoda 
are divided into two Orders: — (1) Tetrabranehia, (2) 
Di branch i a. 


OEDER I. TETEABRANCHIA 

The Tetrabranehia have four gills, and an external 
chambered shell. There are two .Sub-Orders, (1) Nauti- 
loidea, (2) Ammonoidea. 

SUB-ORDER I. NAUTILOIDEA 

In Paheozoic times the Nautiloid Cephalopods were 
very abundant, but at the present day the only repre- 
sentative of the group is Nautilus (fig. 116). This possesses 
two pairs of gills, and two pairs of auricles ; no ink-sac is 
present,; and the funnel is not a complete tube, but is 
formed of two parts. Around the mouth are numerous 
lobe-like processes which are given off from the margin of 
the head ; these represent the arms but do not bear 
suckers, as is the case in the Dibranchs, but tentacles which 
can be retracted within sheaths. The hopd (fig. 116, 2) 
is a structure formed by the enlargement of the outer lobe 
of the foot and serves to close the aperture when the 

18^2 
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animal withdraws into the shell. The jaws are calcified 
and are not uncommonly found fossil. The eyes are of 
simple structure, consisting of a hollow chamber with a 
pin-hole opening without lens or cornea. 

A shell is present in all Nautiloids and is always 
external ; it consists of a tube, which tapers to a point at 
one end, and may be straight, arched, or spiraf. In the 





Fig. IIG. Nautilus pompilius. Half the shell has been removed. 1, last 
completed chamber ; 2, hood part of foot ; 3, shell muscle ; 

4, mantle, cut away to expose the eye («5); 6, outer wall of shell; 
7, siphuncle ; 8, tentacle-bearing lobes of foot ; 9, funnel. (After 
Graham Kerr.) x ^ . 

spiral forms the whorls may be separate, or partly* free, or 
in contact throughout; commonly they are all in one 
plane, but in some cases they form a helicoid spiral. The 
.interior of the shell, unlike that in most gasteropods, is 
divided into a number of chambers by means of trans- 
verse partitions termed (fig. 117, 6); generally the 
chambers indtease in size towards the aperture of the 
shell. The body of the animal occupies the last pr 
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c hambe r (a), to the walls of which it is attached, by muscles 
(fig. 116,3); in Nautilus there are two oval muscular im- 
pressions, one on each side, near the last septum and 
the inner side of the whorl ; these impressions are marked 
by faint concentric lines. The muscles are connected 
both above and below by a band of fibres called the 
annulus, which likewise leaves a mark on the shell. In 
Nautilus the funnel is placed at the external margin of 
the aperture, so that this part of the last chamber is 
regarded as ventral. 


-d 


Fig. 117. Section of the nhell of Nautilus pomjnlius, llecent. a, body- 
chamber ; h, septum ; c, septal neck ; d, siphuncle. x ^ . 

All the chambers, except the body-chamber, are filled 
with air, giving buoyancy to the shell. The shell grows 
by the addition of material at the margin of the aperture; 
after a certain period the body of the animal moves 
forward and a new septum is secreted behind it, thus 
cutting off a new air chamber. This movement occurs 
after a period of growth, and is not related, as some have 
supposed, to periods of reproduction, since it is only after 
the shell is completed that reproduction begins. In 
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Nmitilus the last air chamber of the completed shell is 
usually somewhat smaller than the preceding one (fig. 
117). All the air chambers are traversed by a slender 
cord-like prolongation of the dorsal end of the body, con- 
taining «*n*teries, and known as the swhuud e (fig. 116,7; 
117 d). The position of the siphuncle varies in different 
genera ; in Nautilus it pierces the septa at or near their 
centres ; in others it may be near either the external or 
the internal margin of the whorl. In the modern Nautilus 
the siphuncle has only thin calcareous covering; but in 
many fossil Nautiloids it is completely invested by a 
calcareous tube. In Palaeozoic genera the interior of the 
calcareous siphuncle is frequently partly filled up with 
calcareous deposits. The septa are often prolonged in the 
form of funnels around the siphuncle, so as to more or 
less completely insheath it; they may be short or may 
reach frem one septum to the next or even further; these 
funnels are termed s eptal n ecks (fig. 117, c; 118 c?); in 
nearly all the Nautiloidea they are directed backwards 
(retrosiphonate). 

The aperture of the shell has, in some cases, a simple 
margin, being either straight or slightly curved; in others, 
processes are given off from the external margin or from 
the sides ; in Nautilus there is a sinus at the external 
(ventral) margin where the funnel occurs, and the lines 
of growth on the shell are correspondingly curved. In 
some fossil Nautiloids (Phragmoceras) the sinus is at 
the inner margin of the aperture, which was therefore 
presumably ventral. In a few forms (e.g, Gomphoceras, 
fig. 120) the aperture, owing to the inward growth of the 
margin of the body-chamber, is constricted. 

The line where the edge of the septum unites with the 
outer or tubular part of the shell is known as the s utuvA: 
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obviously this will only be seen when the shell is removed; 
blit fossil forms frequently occur as casts and in these the 
sutures are clearly shown. One of the chief characters 
of the shell in the Nautiloidea is the simple form of the 
sutures; usually they are either straight or only slightly 
undulating. 

The shell which covered the (unbryo in the Cephalopoda 
is known as the protoconch ^ ; in 
the Nautiloidea this probably con- 
sisted of non- calcified material, 
and is not definitely known to 
be preserved in fossil specimens; 
but some authors have found 
calcareous protoconchs in straight 
conical shells which they be- 
lieve to belong to the genus 
Orthoceras. If the shell of a 
Nautilm be sliced in two, there 
will be seen at the centre a space 
. 118, a) which was probably 
occupied by the protoconch. At 
the apex of the first chamber is 
an opening which is usually slit-like and surrounded by 
either a rim or a depression ; this opening probably 
served to connect the protoconch with the first chamber. 
The siphuncle (c) commences in the first chamber as a 
closed tube. 

Shell straight or occasionally slightly curved, 
elongate-conical ; transversi^ section usually circular. Septa concave ; 
body-chamber large ; aperture not contracted or produced into lobes. 
Siphuncle cylindrical, without internal calcareous deijosits ; usually 

^ This corresponds to the protegulam of the Brachiopods and to the 
prodissooonch of the Lamellibranchs. 



Fig. 118. Median section 
of the central part of the 
shell of Nautilus, a, cen- 
tral space ; h, septum ; 
c, siphuncle ; d, septal 
neck. Enlarged. 
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central, but sometimes sub-central or ex-central. Ornamentation 
variable. Orthocer<My as defined above, includes numerous sj^ecies 
which have grouped into more restricted genera based mainly on .the 
character of the ornamentation. Tremadoc Beds to Trias. Ex. 
0, intermedium^ 0. annulatum, Silurian ; 0. goldfusdanum^ Carboni- 
ferous Limestone. 


Actinoceras (fig. 1 1 9). External form similar to the preceding ; 


often very large; section usually 
elliptical. The siphuncle is largo, 
and inflated between the septa so 
that each segment is s[)heroidal, 
and contains in the interior a large 
amount of calcareous deposit. In 
the centre of the siphuncle is a small 
tube known as the endosiphon {d)y 
from which radiating tul)es (c) are 
given off lietween the septa and pass 



to the siphuncle. Ordovician to Car- “ijjlig. 119. Diagrammatic Bection 
boniferous Limestone; in England Portion of the shell of 

ohiefiyCarboniferous. Ex.A.ffigan- ^h^cle^'c, ctnal?fr“i’en: 

teum. Carboniferous Limestone. dosiphon ; d, endosiphon. 


G-omphOCeras (fig. 1 20). Shell ovoid, short, straight or slightly 


curved ; section nearly circular ; 
body-chamber very large, apertui’e 
contracted, T-shaped. Sex)ta close 
together. Siphuncle sub-cylindri- 
cal or teided, sub-central, placed 
nearer the more convex side of the 
shell. Surface smooth or with trans- 
verse ribs or striae. Gomp/ioceras 
has been divided into several ‘gen- 
era’ based mainly on the form of the 
aj^erture. Ordovician to Devonian. 
Ex. G. elliptimm^ Lower Ludlow. 

Phragmoceras. Similar 



Fig. 120. Aperture of Gomphoceras 
{Mandaloceras) bohemicum from 
the Silurian. ( Prom Woodward. ) 
Natural size. 


to the last, but curv^ and rapidly increasing in diameter, laterally 


compressed, section oval or elliptical; siphuncle near the inner 


(concave) margin. Silurian. Ex. P. broderipi 
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Ascoceras. Shell a little curved ; the earlier part (which is 
‘barely found) is similar to Orthoceras^ but with the septa more widely 
separated. The later formed part is sac-like and a little more con- 
vex on the outer than on the inner side ; the body-chamber occupies 
most of the outer side ; the septa join together and then bend round 
and divide again before reaching the inner side of the shell ; the 
siphiniclo of this i^art is very short. Ordovician, but chiefly Silurian. 
Ex. A. Silurian. 

Cyrtoceras. Externally similar to Orthoexmm but always 
ciirved : never forming a complete vtdution ; section usually elliptical 
or oval. Siphuiicle small, cylindrical or bead-like, usually sub- marginal 
and usually near the convex side of the shell. The numerous species 
of Cyrtoceras have been divided into groups regarded as genera. 
Cambrian to C>arboniferou8. Ex. C. lineatam^ Devonian. 

Poterioceras. Shell smooth, fusiform, slightly curved, inflated 
in the middle, contracted at both ends, but especially at the apical 
end. Section elliptical in the adult. Siphunclo sub-central or margi- 
nal, inflated between the septa. Last chamber large, aperture simple, 
contracted. Ordovician to Carboniferous. Ex. P. /wsi/omc. Carboni- 
ferous Limestone. 

Na^tUus (figs. 116, 117). Shell more o r^less globt>se, spiral, 
whorls few, coiled in one plane, and more or loss complct^ly"embracing. 
Umbilicus, usually^ sumll or absent. Ltist chamber much larger than 
the preceding one, aperture simple, with an external sinus. Septa 
cdiicave, sutures more or less undulating. Siphuncle central or sub- 
central, septal necks short and directed btuikwards. Surface of shell 
smooth or ornamented with stria) or ribs. Trias to present day. 
Ex. N. fompilm% Recent ; N, pseudolineatus^ Inferior Oolite. 

iDisCites Ducitoceras). Shell spiral, compressed, discoidal ; 
whorls quadrangular in section, increasing in size gradually, some- 
times a little em\)racing, with the external margin flat or grooved, 
and the sides flattened. The last part of the shell is sei)arated from 
the preceding whorl for a short distance. The earlier whorls have 
longitudinal ribs. Carboniferous Limestone. Ex. D. leveilleanus. 
Other Carboniferous genera with plane spiral shells are Ccelo'iiautilm^ 
TemnocheUuSy Vestinautilus. 

AtUlia. Shell discoidal, whorls compressed, completely em- 
l^acing, with rounded external margin; suture-line zigzag, with a 
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deop angular lobe on each side. Siphuncle near the internal margin ; 
septal necks large and very long, completely covering the siphuncle. 
Eocene and Miocene. Ex. A. zic-zao, Eocene. 


SUB-ORDER II. AMMONOIDEA 
The Ainnioiioids arc quite extinc t and include the 
ammonites, goniatites, etc. The shell is generally coiled 
into a plane spiral, and as a rule the sutures s how c om- 
plicated patterns (fig. 121). The siphuncle is at the 



Fig. 121. A. Suture of an Ammonite {Varkhwmia dome tens in) from the 
Inferior Oolite. B. Suture of Geratites nodosus, from the Muschel- 
kalk. /, one half of the external lobe; 1/, 2Z, superior and inferior 
lateral lobes; nl, auxiliary lobes; », external saddle; l^’, 2s, superior 
and inferior lateral saddles ; as, auxiliary "saddles. In each case the 
straight line on the left represents the position of the siphuncle at 
the external margin, and the curved one on the right the line of con- 
, tact with the next whorl. 

margin of the shell — generally at the outer, but occa- 
sionally at the inner margin; it is usually more slender 
than in the Nautiloids and does not contain internal 
calcareous deposits. The septal necks in the ammonites 
are directed forwards (prosiphonate), except in some of the 
earliest chambers; in Clymenia and some goniatites, on 
the other hand, they point backwards as in the Nautiloids 
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(retrosiphonate) ; but in the more advanced types of gonia- 
tites they are transitional, a small collar-like part projects 
in front of the septum, but the main part of the septal 
neck extends backwards. 

The form of the sutures varies considerably in different 
genera and is of groat importance for systematic purposes. 
The central part of each septum is flattened or slightly 
undulose, but the edges become folded or oven frilled, 
often giving rise to very complex sutures; by this means 
greater support is afforded to the outer tubular part of 
the shell than is the case in the Naubiloids where the 
sutures are simple. The portions of t he sut ure which are 
convex tow^ards the mouth of the shell are termed sg^ddLes 
(fig, 121, s\ while the intervening concave portions are 
known as the many foi-rns the lobes and 

saddles exhibit secondary foldings, w^hich may be slight, 
producing merely a denticulate pattern, or may be deep 
and provided with other smaller foldings, giving a folia- 
ceous appearance to the suture. The lobes and saddles are 
nearly always similar on the two sides of the shell : com- 
monly there is first the external lobe (fig. 121, 1) at the 
external margin, then the superior and inferior lateral lobes 
on the sides of the whorl (1 /, 2 l\ and near the inner 
margin other lobes known as auxiliary lobes (al) may occur; 
on the internal margin (opposite to the external lobe) is 
the internal lobe. The saddles ar(? arranged in a similar 
manner; there are the external saddle (s), the lateral saddles 
(1 5, 2 s), and auxiliary saddles (as). The external lobe is 
often divided by a median saddle (as in fig. 121). The 
form of the successive sutures remains almost constant on 
the adult part of the shell, but on the younger parts the 
sutures are less complex. The suture of the first septum 
•may be straight or only slightly curved, as in the Nauti- 
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loids; or it may show a broad external saddle; or a narrow 
external saddle with a lateral lobe on each side. In the 
second and later septa the sutures become successively ^ 
more folded, until the adult form is attained. In the early 
Ammonoids the sutures are comparatively simple; the 
minor divisions of the lobes and saddles begin to appear 
in some Carboniferous genera; they increase in importance 
in the Permian and attain a great development in the 
Trias where the ammonites commonly possess very complex 
sutures. 



Fig. 122. 



Fig. 123. 


Fig. 122. Section, just above the median piano, of the early part of an 
ammonite — Aviblycoceras planico»ta. Lias, a, protoconcb; 6, si- 
phuncle. (After Branco.) x 21. 

Fig. 123. Aptychus of an ammonite, from the Oxford Clay. (From 
Woodward.) 


The prot(^conch of the Ammonoids, unlike that of the 
Nautiloids (p. 279), is formed of calcareous material, and 
is often preserved ; it is spherical or ovoid in shape and 
spirally coiled (fig. 122 a). The first septum closes the 
aperture of the protoconch. The siphuncle (b) commences 
with a bulbous enlargement which projects into the proto- 
conch; in the first few chambers it is nearly central and 
relatively large, but afterwards it gets gradually nearer the 
external margin of the whorl and becomes relatively smaller. 
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In the body-chamber of some ammonites and gonia- 
tites, and in Baculites and Scaphites, a pair of calcareous 

S )lates, known as the aptychu s (fig. 123), are occasionally 
bund; in shape they are tnangular or nearly semi-circular; 
the margins where the two plates are in contact are straight, 
the others curved. Since in one ammonite an aptychus was 
found closing the aperture of the shell, it is probable that 
it served as an operculum (p. 248) and was attached to a 
part of the body representing the hood of Nautilus (fig. 
116, 2). A similar structure, but consisting of chitin, and 
with the two plates united, is found in the body-chamber 
of some ammonites. 

In a few Ammonoids the shell is either a straight cone 
(e.g. Bactrites) or coiled into a helicoid spiral (e.g. Turri- 
lites), but in the great majority of the genera all the whorls 
are in a plane spiral, and in such the form of the shell 
depends mainly on whether the later whorls grow round 
the earlier, or fire simply in contact with them or slightly 
separated; in some genera the last whorl partly (fig. 134) 
or completely (fig. 127) conceals all the previous ones, but 
in others (fig. 129) the whole of the whorls are visible, and 
then the umbilicus — which is present on both sides of the 
shell — is very large. When the diameter of the whorl from 
side to side (i,e, the thickness) is greater than the diameter 
from the internal to the external margin (i.e, the height) 
then the umbilicus becomes deep, and if in such cases the 
later whorls embrace the earlier, then the umbilicus will 
be both deep and narrow. 

The surface of the shell may be smooth or ornamented 
with striae, ribs, tubercles, or spines; as a rule the orna- 
mentation is much more developed in Mesozoic than in 
Palaeozoic genera. In some ammonites (fig. 132) the ex-j 
temal margin of the shell is provided with a ridge or kee l\ 
and in these forms the ribs of the two sides are not con- 
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tinuous. The keel may be smo oth or toothed. In some 
genera there is either a groove or a flattened margin in 
place of the keel. The aperture of the shell in the am- 
monites is frequently produced into lobes at the sides, or 
into a pointed projection at the external margin (figs. 132, 
183). In some of the goniatites there is a sinus at the 
external margin of the aperture indicating the position 
of the funnel, but this disappears in the more advanced 
types. 

The character of the ornamentation, the shape of the 
whorls, and the form of the sutures, change at different 
periods in the life of the individual ; these changes, which 
occurred during growth from the protoconch up to the 
adult, can be traced out by examining the early whorls of 
the shell. From a study of this development of the in- 
dividual (ontogeny) attempts have been made to trace out 
the phylogeny of various types of Ammonoids. As in the 
case of the Brachiopoda (p. 178) it has been found that 
some forms, which in the adult state appear to be nearly 
identical, differ in their development, indicating that they 
have descended from different ancestors. Similarly, the 
development of the sutures and other features of the 
shell show that the ammonites have descended from more 
than one group of goniatites. 

The most primitive of the Ammonoids, and apparently 
the ancestral form of the goniatites, is Bactrites, found in 
the Devonian and Lower Carboniferous; it possesses a 
straight or slightly curved tapering shell with the siphuncle 
at the margin, and the sutures are simple except for the 
presence of a funnel-shaped lobe at the siphonal margin. 
Some of the goniatites in their development pass through 
a stage resembling Bactrites, 

Since the Ammonoids are extinct and their soft parts 
junkpown it is impossible to determine what number of gills 
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they possessed ; consequently their reference to the Tetra- 
branchia cannot be definitely established. As, however, 
the shell was external and agrees closely in structure with 
that of the Nautiloids, and the muscular impressions in the 
last chamber are similar to those found in Nautilus^ we 
may regard the Aminonoids as closely allied to the Nauti- 
loidea ; this view of their relationship receives further 
support from the resemblance shown by the early Amrno- 
noids (in their relatively simple sutures, backwardly- 
directed septal necks, the sinus at the external margin of 
the aperture, etc.) to the Nautiloids. The protoconch of 
the Anunonoids, however, differs from that of the Nauti- 
loids and presents some resemblance to the protoconch of 
Belemnites and some other Dibranchs (page 299). 

Clymenia (fig. 124). Shell discoidal ; whorls numerous, 
more or less flattened, all visible, but each partly embracing the 



Fig. 124. Clymenia (Oxyclymenia) undulata^ Upper Devonian. The 
lower figure shows the form of the suture. (After Nicholson.) 
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preceding one; bfxiy-chamber long, generally occupying three- 
quarters of the last whorl. Aperture with a sinus at the external 
margin. Sutures with a simple wavy or angular lateral lol)e, a lobe 
at the internal margin (below the siphuncle) and a saddle at the 
external margin. Siphuncle on the internal margin; septal necks 
directed backwards. Surface usually ornamented with transverse 
striie. Upper Devonian. Ex. C, Imvigata. Clymmiia is divided into 
Cyrtoclymenia^ Oxyclymenia^ Gymaclymenia^ Oonioclymeniay btc. 

'Mimoceras^. Shell discoidal; the early whorls not in con- 
tact, the biter ones contiguous. Siphuncle at the external margin 2 . 
Sutures very simple, concave on the sides of the whorls, with a 
fuiinel-sliaped external lobe. Devonian. Ex. M. eompressum, 

Anarcestes. Shell with a wide umbilicus, and broad, rounded 
external margin. Body -chamber long; aperture with a deep ex- 
ternal sinus. Sutures very simple ; the external lobe funnel-shaped 
and not divided by a saddle ; lateral lobe very flat. Septal necks 
long, directed backwards. Devonian. Ex. A> pleheius Lower and 
Middle Devonian. 


Glyphioceras (fig. 125). Shell smooth or striated, whorls 
genemlly large and embracing, with rounded external margin ; un- 
bilicus small or absent. Septal necks short, directed backwards but 



Fig. 125. Glyphioceras spharicum^ from the Carboniferous Limestone. 
The shell has been dissolved exposing the sutures. A. Side view. 
B. View showing aperture with the siphuncle at the external (upper) 
margin. (From Woodward.) xf. 


^ This and the four following, with several other genera, were formerly 
grouped together under the name Qoniatites, 

^ In all the following genera the siphuncle has this position. 
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usually also with a small part projecting forwards. External lobe 
divided by a small saddle; external saddle narrow; lateral lobe 
angular and deep; lateral saddle broad, rounded, and undivided. 
Carboniferous. Ex. 0. sphcericum^ O. crenistria, Carboniferous Lime-^ 
stone. 


Gastliocerafl. Shell with longitudinal striso, often with 
transverse ribs; with tubercles at the margin of the umbilicus. 
External margin broad, rounded. External lobe broad and deep, 
divided by a saddle ; first lateral lobe deep, tongue-shaped, angular; 
second lateral lol)e small, angular ; saddles rounded. C/arboniferous 
and Permo-Carboniferous. Ex. G, carhonanum, Coal Measures. 

Prolecanites. Shell smooth or striated, flattened, with a 


large umbilicus. Lobes and saddles 
numerous. External lobe not 
divided ; two or three lateral lobes, 
sharp; lateral saddles narrow and 
rounded. Devonian and Carboni- 
ferous. Ex. P. compresstcs {^kens- 
lom\ Carboniferous Limestone. 

Ceralites (figs. 121 B, 126 ). 

Sheir3i8c<)i3al ; on the sides are ril)s 
which often bear tubercles near the 
umbilical and external margins; 
external margin broad, convex or 
flattened; umbilicus large; body- 
chamber short. Saddles rounded . 
lobes denticulate ; external lobe 
broad and short. Trias, es|)ecially 
Muschelkalk. Ex. C, nodosm, Mus- 
chelkalk. 



Fig. 126, Ceratites nodosus, from 
the Muschelkalk. The shell 
has been removed, exposing 
the sutures, x 


Trachyceras^ Shell flattened, highly ornamented with ribs 
which bear tubercles or spines arranged in spiral rows; at the 


1 This and the following genera, which are coiled in a plane spiral, 
with external siphuncle, and septal necks usually directed forwards in 

the adult, were formerly regarded as constituting a single genus 

Ammonites. The genera now adopted are founded mainly on the form 
and ornamentation of the shell, the character of the sutures, and the 
length of the body-chamber. 

W. p. 


19 
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external margin is a groove; umbilicus generally small. Body- 
chamber short. Sutures simple, lobes and saddles toothed. Trias. 
Ex. T, aon, 

’ Arcestes. Shell smooth or striated, nearly globular, with 
thick ^orTs ; umbilicus small or absent ; aperture without lateral 
projections ; body-chamber very long. Lobes and saddles numerous 


and foliaceous, arranged in a straight 
row and gradually decreasing in 
size from the external to the in- 
ternal margin ; there are two lateral 
lobes and many auxiliary lobes; 
saddles with narrow stems and fine 
branches. Trias. Ex. A, intus- 
lahiatus. 

Phflrllpperas (figs. 127, 128). 
Shell smooth or with fine striae or 
gentle folds, never with tubercles ; 
external margin rounded; umbili- 
cus very small or absent. Saddles 

and lobes niimerousj sadSTes 

divided, the extremities being 
rounded ; auxiliary lobes numerous. 
P, heterophyllumy Upper Lias. 



Fig. 127. Phylloceras heterophyl- 
lum^ from the Lias. A part 
of the shell has been removed 
to expose the sutures, x J. 

Jurassic to Cretaceous. Ex. 



Fig. 128. Suture line of Phylloceras heterophyllumy from the Lias. The 
arrow indicates the position of the siphuncle and points towards the 
aperture of the shell. (From Woodward.) Natural size. 


129). Shell ornamented with transverse ribs, 
and often with laminar projections (varices) placed at intervals. 
Whorls rounded, and only slightly or not at all embracing ; ax)erture 
usually simple. Suture-line deeply and finely divided, consisting of 
an external lobe, two lateral lobes, and a narrow internal lobe ; of 
an external saddle and two lateral saddles. Lateral lobes and saddles 
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nearly symmetrically divided. Lias to Cretaceous. Ex. Z. fimbria- 
tum^ Middle Lias. 


HamiteSji Shell bent upon itself three times, the parts not 


in contact ; body-chamber long. 
Suture-line similar to Lytoceras^ 
with the lateral lobes deeply divided. 
Surface smooth, or ornamented with 
ribs, tubercles, or spines. Lower 
Greensand to Chalk. Ex. II. maoci- 
muSf Gault. 

!n|acjroscaphites (fig. 130). 

Similar to Lytocera^. Discoidal ; 
the last whorl produced and then 
bent back in the form of a hook. 
Lower Cretaceous. Ex. M. ioaniy 
M. gigas. 



Fig. 129. Lytoceras fimbriatunit 
from the Middle Lias, x J. 


l^rrilites. Shell helicoid-spiral, tiu Teted, usually sinistral, 
all the whorls in contact. Sutures similar to Lytoceras. Surface 
ornamented with transverse ribs or tubercles. Gault to Chalk. 
Ex. T. costatm, Chalk. 



Fig. 130. Macroscaphites ivanij from the Lower CretaceouB. x ^ . 

Baculites. Shell straight (except a small spiral part at the 
apex, which is the first-formed part of the shell), elongate-conical, 
elliptical in section; body-chamber large, aperture produced at the 
outer (siphonal) margin. Sutures with the lobes symmetrically 
divided. Upper Cretaceous. Ex. B, vertebralis {=:faujasi\ Chalk. 

PsiloceraB. Shell discoidal, umbilicus large ; whorls in- 
creasing in size very slowly, external border rounded or with a very 
smaU' keel; surface smooth or striated, occasionally with ribs. 

19- 2 
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Body-chamber large. Sutures not much divided; Lower Lias. 
Ex. P. planorhu. 

Alietltes, Shell discoidal, umbilicus large ; whorls numerous, 
only slightly embracing, with the external border flattened and 
provided wiiya„a .keeL^^^ a groove on ^h side of it. Surface 
with strong simple ribs, which are straight or bent near the margin, 
and may bear tulnsrcles. Body-chamber occupying from one to one 
and a quarter whorls. Sutures much divided, with two laterd 
lol)es and one auxiliary lobe. Lower Lias. Ex. A. histdeatus, 

Schlotheimia. Shell Hat, discoidal, umbilicus usually large. 
Ribs strong, curved, often bifurcated in tlie adult, bending forward 
at the external margin, where they meet at an angle, but are often 
interrupted by a slight furrow or 
smooth band at the margin. Su- 
tures deeply divided ; superior 
lateral lobe generally deeper than 
the external lobe ; three or four 
auxiliary lobes. Lower Lias. Ex. 

S. angulata, 

JEgoceras (Hg. 131). Shell 
discoidal, with a large umbilicus ; 
whorls rounded, without a keel, 
ornamented with simple ribs which 
are continuous over the external 
margin. Lobes much divided; J^goceras(Amhlycoceras) 

sui)erior lateral lobe larger than capricomus, from the Middle 
the others. Lias. Ex. jE. capri- ^ 1- 

comm. 

Oxynoticera4S« Shell much .flattened ; umbilicus small ; ex- 
ternal margin shar|) or kneeled ; surface smooth or striated. Sutures 
not deeply divided ; external saddle large, divided ; auxiliary lobes, 
present. Lias to Inferior Oolite. Ex. 0. Lower Lias. 

Ama ltheuSj, Shell flattened ; with a kee! ^ which is usually 
tootheffTuTsometimes sharp ; umbilicus generally small ; surface 
smooth, or with striae, or simple or spiny ribs. Aperture with a long 
process at the external margin. Lobes and saddles deep and much 
divided, with several auxiliary lobes. Jurassic. Ex. A. margari- 
Middle Lias. 
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(i)g. 132). Shell flattened, with a prominent 
furroW 

each side ; uiubiliGus small or 
of moderate size. Sides of shell 
with sickle-sh aTied undivided ribs. 

Aperture with projections. Su- 
tures strongly divided ; superior 
lateral lobe deep. Lias. Ex. //. 

8erpe7Uinum^ Upper Lias. 

HildocLexas, Similar to the 
last. Whorls low, subquadrato in 
section, with broad external margin 
and usually a deep fqrrpw on each 

side of the keel. Umbilicus wide. ^^‘f'poceras serpeininunif 

. ^ . n 1 j • from the Upper Lias. x^. 

Kib s_ distinctly sickle-shaped i n 

most cases. Upper Lias and base of Inferior Oolite. Ex. H. 
bifrons, 

Dactylioceras. Whorls numerous, only a little embracing, 
without a keel ; umbilicus large, liibs numerous, at first straight, 
afterwards bifurcating, continued over the external margin ; without 
tubercles. Body-chamber long. Sutures moderately divided ; ex- 
ternal lobe larger than the superior lateral. Upper Lias and lower 
part oi Inferior Oolite. Ex. D. commune^ Upper Lias. 

Btepheoceras ( — ^U'ph.anoceras ) (fig. 133). Whorls thicker 
than high, external margin rounded, without a kee l. Umbilicus 
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large. Surface wit h straight rib s, whigh bifu rcate gn the^^^^^^ of 
the whorls and often boar tubercles where they bifurcate. Body- 
cliamBer long. Aperture often with lobes. Sutures deeply divided ; 
external lobe lai*ge ; inferior lateral lobe and auxiliary lobes small. 
Inferior Oolite to Oxfordian. Ex. S. hu7nphrie8ianum, Inferior Oolite. 

Macrocephalites. Shell without a keel, whorls largely em- 
bracing, externarhiargin rounded, umbilicus small. Ribs numerous, 
dividing near the umbilicus, continued over the external margin, and 
without tubercles. Ai)crture without lobes. Sutures deeply divided, 
with auxiliary lobes. Great Oolite to Kellaways Rock. Ex. M, 
macrocephaliis, C( )rnbra sh . 


Cardioceras(fig. i:u). Shell 
liattened ; whorls considerably 
embracing, with strong curved 
ribs which bifurcate, and bend- 
ing forwai'd near the external 
edge join the notched keel ; short 
ribs often intercalated on the ex- 
ternal part. Lobes and s^xddles 
moderately divided ; two short 
lateral lobes, and two or three 
auxiliary lobes ; internal lobe with 
a single point. Kellaways Rock 
and Oxfordian. Ex. 0. cordatum^ 
Oxfordian. 



Fig. 134. Cardioceras cordatunif 
from the Oxfordian, x f . 


Peri sphin ctes ■ Shell discoidal, external niar^in rounded ; 
umbilicus generally large. Ribs straight, continuous, bifurcating 
once or more near thti external border. Constrictions are often 
j)resent at intervals on the whorls. Sutures much divided ; external 
and superior lateral lobes large. Inferior Oolite to Cretaceous. 
Ex. P. pltcatilia, Corallian. 

Peltoceras. Umbilicus large; whorls generally quadrilateral, 
with brbatf*6xtefnal margin, the inner whorls with numerous con- 
tinuous ribs, most of which divide near the external margin, across 
which they extend ; the ribs on the later whorls with two rows 
of tubercles on the sides, one near the outer, the other near the 
inner margin. Sutures moderately divided, with large external 
saddle. Kellaways Rock and Oxfordian. Ex. P. athleta. 
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Parkinsonia (fig. 121 A). Shell discoidal, umbilicus large; 
ribsLuStiSy s trai glit, sharp, bifurcating near the external border, but 
external margin by a groove. Aperture with 
processes from the sides. Body-chamber sliort. Sutures much 
divided ; external and superior lateral lobes deep ; saddles broad. 
Inferior Oolite. Ex. P. parMnsoni. 

Cosmoceras. Shell flattened ; umbilicus moderately large. 
Jlibs numerous, bifurcating at the middle of the sides of the shell, 
where there is generally a row of tubercles, and ending in a tubercle 
or spine at the external margin ; sometimes with tubercles at the 
edge of the umbilicus. Body-chamber very short. Aperture with 
long lateral lobes. Sutures much divided ; the external lobe mucdi 
shorter than the superior lateral lobe; tlierc are several auxiliary 
lobes. Middle I^ias to Oxfordian. Ex. C.jaHon^ Oxfordian. 

Hoplites. Shell flattened ; umbilicus usually small. Ribs 
curved, bifurcating, and generally bearing a ro w of tubercles near 
the external margin and another near the umbilicus or at the 
middle of the sides ; external margin flattened or djeeply grooved. 
Sutures finely divided ; many auxiliary lobes. ^Cretaceous. Ex. 
H. spdendens, ff. mterruptus, Gault. 

AcanthpeeraA. Whorls thick ; umbilicus largo ; ribs simple 
or bifurcated, with rows of tubercles at the sides and margin ; 
external margin broad with.a niedian row of tubercles. Saddles 
broad. Chalk. Ex. A. rhotomigeme^ Lower Chalk. 

Crioceras. Shell coiled in a plane spiral ; the whorls not in 
contact. Surface ornamented with ribs which in some cases 
bifurcate and often bear tubercles and spines. Sutures with four 
lobes. Jurassic to Chalk. Ex. G. ellipticum, Cflialk. 

Ancyloceras. Like Crioceras^ but the last whorl is produced 
in a straight lino and then bent back in the form of a hook. Creta- 
ceous. Ex. A, spmigerum., Gault. 

Scap biiteB. Shell coiled in a plane spiral ; the whorls in 
contact and embracing, except the last, which is free from the spiral 
and then recurved in the form of a hook. Body-chamber long. 
Surface ornamented with bifurcated ribs which often bear tubercles. 
Sutures generally much divided, with several auxiliary lobes. Upper 
Cretaceous. Ex. S, wqualis^ Lower Chalk. 
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SchloBllbabhia. Shell with an umbilicus ; external margin 
broadTwith a^^^ooth keel ; surface with strong ribs, which are 
slightly curved forwards and often bear tubercles. External and 
superior lateral saddles broad ; ^^one auxiliary lobe. Cretaceous. 
Ex. S, variam, Lower Chalk. 


ORDER II. DIBRANOHIA 

The Dibranchia are represented at the present day by 
the cuttle-fishes, the squids, the calamaries, octopuses, 
paper-nautilus, etc. ; they are of much less importance 
geologically than the Nautiloids and Ammonoids, the only 
really common fossil forms being Belemnites and its allies. 
Some of the modern cuttle-fishes attain a length of forty 
feet or more.^ 

The Dibranchia (fig. 115) have a sac-like or elongated 
body, and possess one pair of gills only, and one pair of 
auricles. The number of arms is limited to eight or ten; 
and on the inner side — that facing the mouth — they are 
provided with rows of sucking-discs, which sometimes 
possess horny hooks. The jaws are not calcified, and are 
consequently seldom preserved in fossil specimens. An ink- 
sac is always present, and is sometimes found fossil. * The 
funnel is in the form of a complete tube. The eyes^ are 
highly developed. 

A shell is absent in some forms; when present it is 
(except in Argonauta) internal, being covered by folds of 
the mantle, and may be either homy or calcareous. In 
some cases (Sepia) it has the form of an oval flattened 
body, known as the cuttle-bone, which is composed mainly 
of laminated calcareous material with spaces between the 
laminae. In the squids the shell is lamellar in form and 
consists of horny material; it is termed the jpaw or gladiue. 
The shell in the cuttle-fishes and squids is placed on the 
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l^tero-dorsal side of the body in a sac formed by the mantle. 
In Spii^la the shell resembles that of a Tetrabranch, but 
is internal, being almost entirely covered by the mantle ; 
it is situated at the dorsal end of the body, and consists of 
a tube coiled in a plane spiral and divided into chambers 
by septa, which are traversed by a siphuncle placed near 
the inner margin; the whorls are pot in contact, and a cal- 
careous protoconch is present. The shell in the paper- 
nautilus {Argonauta) is of quite a different nature to that 
found in other Dibranchs; it is external and spiral, but not 
chambered, and is without muscular attachments; it is 
secreted by the terminal portions of the two anterior arms, 
and is found only in the female, serving for the reception 
of the eggs. 

The Dibranchia are divided into two sub-orders: — 
(1) the Decapoda, (2) the Octopoda. 

SUB-OBDER 1. DECAPODA 

There are ten arms, eight of equal length and two 
longer than the others; the latter can be more or less com- 
pletely retracted within pits. The free ends of the arms 
are swollen and suckers are usually borne on those ends 
only* The suckers are stalked and are provided with a 
horny ring. An internal shell is always present. 

. Belemnites (figs. 135 — 138). The shell consists of three 
parts — the guax^ (fig. 135, a), the phraglnocone (5), and the pro- 
ostracum (fig. 136, d), 

Thegttgrj^ is solid and is much more commonly preserved than the 
other parts; it varies considerably in shape and size, being cylindrical, 
fusiform, conical, etc. The end which was directed away from the 
mouth is always pointed, and at the other end there is a conical 
cavity or alveolus . The guard varies in length from one to fifteen 
inches. When sliced transversely or longitudinally it is seen to be 
formed of a number of layers (growth-layers) arranged concentrically 
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amind an axial line, which is not quite central but is placed nearer 
the under surface ; it is around this line that the first layers were 
secreted ; the layers become somewhat thicker towards the pointed 
end and thinner towards the broad end of tlie guard. Each layer is 
formed of minute prisms of calcite, which are placed i)erpendicular 



Fig. Fig. 136. 


Fig. 135. Longitudinal section of Belemnites, from the Oxford Clay, 
a, guard ; h, phragmocone with protoconch at the apex ; r, siphuncle. 

• 

Fig. 136. Phragmocone and pro-ostracum of Belemnites, from the Lias, 
liestoration by G. C. Crick, a, phragmocone with protooonch at the 
apex; b, front border of phragmocone; c, last septum of phragmo- 
cone ; d, pro-ostracum. x § . 

to the axial line, thus producing a radiating fibrous appearance in 
cross-sections. The surface of the guard is sometimes smooth, 
or it may bo granular, or furnished with ramifying vascular 
impressions ; in some si)ecies there is a longitudinal groove on the 
under surface. 
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The (fjgg, 135 ^ ^ jg liollow cone, part of 

which fits into the alveolus at the broad end of the guard ; it is 
divided into chambers by septa which are concave in fi’ont ; a 
siphuncle (fig. 135, c) traverses the chambers at the under margin ; 
at the pointed end of the phragraocone is a globular or ovoid 
protoconch formed of calcareous material (figs. 135, 136). The 



Fig. 137. Fig. 138. 


Fig. 137. D’Orbigny’s restoration of a Belemnite (under surface), showing 
the probable positions of the guard, tfie phragmocone, and the pro- 
ostracum. 

Fig. 138. Belemnites. Lias, Lyme Regis. Original in the Sedgwick 
Museum, Cambridge. Showing hooks indicating the presence of eight 
arms (a — h), x |. 

phragmocone is homologous with the entire shell of a Nautiloid or an 
Ammonoid ; in its conical form and simple sutures it resembles 
Ort^ioceras, but the calcareous protoconch and slender marginal 
siphuncle seems to connect it more closely with the Annnonoids. 
The wall of the phragmocone (sometimes termed the conotheca) is 
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very thin, and in well-preserved specimens the upper part is found 
to be produced in front into a large laminar expansion (fig. 136, cf) J 
this prolongation is known as the •pro-ostramm^ and corresponds to 
the ‘i)en’ of the squids. The head of the Belemnite was immediately 
in front of the pro-ostracum. The suckers on the arms were provided 
with horny hooks, which are sometimes preserved fossil (fig. 138) ; 
there was a double row of hooks on each arm, but only eight double 
rows have yet been found in any specimen ; two other arras. With or 
without hooks, may have been present. The ink-sac and mandibles 
have also been found in some specimens. The prol)able positions 
of the guard, phragmocone and pro-ostracum in the body of the 
Belemnite are shown in fig. 137, from which it is sefen that the guard 
formed a relatively small part of the entire length of the animal. 
The ‘genus’ Belemnite^ is founded mainly on the characters of the 
guard, and includes an enormous number of species. Probably if 
the soft parts were known, they would show such differences as to 
indicate a number of distinct genera. Lower Lias to Upper 
Cretaceous. Ex. B. (icutus, Lias ; B, oweni^ Oxford Clay, etc. ; B. 
hastatusy Oxford Clay. 

Belo^epioy found in the Eocene, is related to BelemniteSy but the 
guard is considerably reduced in size, and the septa curve forward 
from the broad siphuncle towards the pro-ostracum. Spirvlirostray 
from the Eocene and Miocene, is another allied form ; it possesses 
a small guard ending in a point, and the first part of the phragmo- 
cone is coiled. In Sepia (Eocene to Kecent), the laminae which 
form the main part of the shell, are believed to represent the septa 
of the phragmocone, whilst the guard is reduced to a small pointed 
process (or mucro) at the end. Spirula has not been found fossil. 

Belemnitella. Similar to Belemnites. Guard cylindrical, 
with a slit at the under side of the alveolus. Distinct vascular 
impressions on the under surface of the guai’d. Upper Chalk. Ex. 
B, rimcronata, 

KotiXiOCBXnBX. Atractilites), Similar to Belemnites. Front 
part of guard either conical or broadly funnel-shaped, and either in 
contact with the protoconch only or surrounding only the apical 
part of the phragmocone. Front imrt of guard often fragile and 
foliaceous owing to imperfect calcification. Chalk. Ex. A, plenuBy 
Lower Chalk ; A, quadratuSy Upper Chalk. 
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Aulacoceras'. Similar to Bel&mnitea, Guard relatively 
short, with a groove extending down each side. Phragmocone 
much longer than the guard, with siphuncle at the margin, and 
septa rather widely separated ; surface of phragmocone with 
longitudinal lines. Pro-ostracum unknown. Upper Trias. Ex. A, 
reticulatnm, 

Belemnoteuthis. Guard much reduced, forming a thin 
layer over the j)hragmocone, with a groove on the upper side 
starting from the pointed end. Phragmocone broad, with numerous 
septa, a marginal siphuncle, and septal necks. Pro-ostracum rela- 
tively small, seldom preserved. Ten arms bearing hooks. The ink- 
sac is sometimes found. Chiefly Oxfordian. Ex. B, antiqua, 

SUB-OEDER 2. OCTOPODA 

There are eight arms only; the suckers are sessile and 
possess no horny ring. The shell is rudimentary or absent. 
Octopus and A rgonauta are well-known examples of this 
group. The Octopoda, as might be expected from the 
general absence of a shell, are very poorly represented in 
the fossil state ; the earliest known form is Palceoctopiis 
from the Chalk of Lebanon. Argonauta has been found in 
the Pliocene Beds. 

Distribution of the Cephalopoda 

Nautiloidea, At the present day the Nautiloidea are 
represented by only four species of Nautilus^ which are 
found in the Indian Ocean and the East Indian Archipelago 
(from Sumatra to Fiji). Nautilus lives in fairly shallow 
water, either crawling on the sea bottom by means of its 
tentacles or swimming. 

This group appears fnuch earlier in the geological series 
than either the Ammonoidea or the Dibranchia. The early 
forms are either straight or slightly curved, subsequently 
genera with spiral shells appear ; the former predominate 
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in the Lower Palaeozoic, but become less important in the 
Upper Palaeozoic where the plane spiral forms increase in 
numbers. Primitive Nautiloids (V olhorthella) are found 
in the Lower Cambrian ; and forms of the type of Orthoceras 
and Cyrtoceras appear in the Upper Cambrian (Tremadoc 
Beds). In the Ordovician the Nautiloidea are very much 
better represented than in the Cambrian, and the group 
attains its maximum development in the Silurian, where 
the number of species is very great ; it decreases slightly 
in importance in the Devonian and Carboniferous, and is 
but poorly represented in the Permian. The only genus 
which extends beyond the limit of the Palaeozoic period is 
Orthoceras, which is found in the Trias. Nautilus occurs 
first in the Trias and is abundant in the Jurassic and 
Cretaceous; in the Tertiary it is relatively rare. Aturia 
appears in the Eocene and Miocene. 

Ammoiwidea. The geological range of the Ammonoi- 
dca is shorter than that of the Nautiloidea. The earliest 
representatives of this sub-order are found in the Devonian; 
the latest in the Chalk. The group is especially abundant 
in the Mesozoic formations. Glymenia is limited to the 
Upper Devonian; goniatites also occur in the rocks of 
that system, but are more numerous in the Carboniferous — 
Glyphioceras and Gastrioceras being especially charac- 
teristic of the latter. Ammonites are found in Permian 
deposits, and primitive forms appear even as early as the 
Carboniferous; throughout the Mesozoic rocks they are ex- 
tremely abundant, attaining their maximum in the Lias. 
In the Cretaceous there is a remarkable development of 
more or less completely uncoiled Ammonoids, e,g., Hamites, 
Macroscaphites (fig. 130), Baculites, Grioceras and Scaphites; 
and there is evidence showing that, in most cases, these 
‘ genera ’ include species which have descended from more 
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than one genus of ammonites. The abrupt disappearance 
of the Am monoidea at the end of the Cretaceous period 
is remarkable. 

Dibranchia. The Dibranchia are more numerous and 
more varied in existing seas than they were at any former 
period. Some forms- are pelagic, others abyssal, but the 
larger number are found in littoral regions and are dis- 
tributed in provinces similar to those of other molluscs 
(p. 268); typical littoral genera are OctopuSy Sepia and 
Loligo. 

The Dibranchia are unknown in the Palaeozoic forma- 
tions, the earliest examples {AulacoceraSy Phragmoteuthis) 
appearing in the Trias. Belemnites is the chief form in 
the Jurassic and Cretaceous, and is especially abundant 
in the clayey beds. Geoteuthis occurs in the Lias ; and 
BelemnoteuthiSy Plesioteitthis, etc. in the Upper Jurassic. 
Belemnitella is limited to the Upper Chalk. Dibranchs 
are relatively rare in the Eocene and Miocene ; Belemnites 
is absent, but is represented by Belosepia and Spirulirostra. 

The principal genera of Cephalopoda are : 

Cambrian. Yolhorthella in the l^ower Cambrian; Orthoceras 
and Cyrtoceras in tlie Tremadoc Beds. 

Ordovician. OrthoceraSy CyrtoceraSy EndocaraSy FiloceraSy Com- 
ceras, 

Silurian. OrtkoceraSy CyrtoceraSy xi ctinoceraSy Gomphmerasy 
PhragtnoceraSy AscocemSy Ophidioceras, 

Devonian. Nautiloidea : — Orthocerasy Cyrtoceras. Ammonoi- 
dea : — Clymeniay BactriteSy Mimocerasy AnarcesteSy TomocerccSy 
Gephyroceras. 

Carboniferous. N autiloidea : — OrthoceraSy CyrtoceraSy A ctmoceraSy 
PoterioceraSy DisciteSy Vestinautilusy Ccslonautilusy PleuroruiutiluSy 
Temifiochmlus, Ammonoidea ; — OlyphioceraSy Gastriocerasy Pro- 
lecanites. 
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Permian. Nautiloidea : — Orthocm'OB, Temmcheilvs, Ammo- 

noidea: — MedLicoUia^ CyclolohiLS. 

Trias. Nautiloidea — Nautilvs^ Orthocercis* Ammonoidea ; — 
PinacoceraSy Ceraiites^ Trachyceraa^ Ptychites^ Arcestes, Oladimies, 
J/<moj?AylliteSf BhacophyllUe%, Dibrancliia : — AulaeocercLSy Atrac- 
tites^ Phragmoteuthis, 

* Lias. Nautiloidea : — Nautilm, Ammonoidea : — Phylloceras^ 
Lytoceras^ Psiloceras, Arietites^ JSgoceras, Liparocerds, OxynoticeraSj 
Aivuilthem, Schlotheimiay Harpocerm^ Hildoceras^ Gonloceras^ Dacty- 
Uoceras, Dibranchia : — Belemnitea^ Xiphoteuthis^ Oeoteuthis. 

Oolites. Nautiloidea : — Nautilus. Ammonoidea : — Ludwigia^ 
Leioceras^ Haploceras^ Stepheoeerasy MacrocepkaliteSy CardioceraSy 
Quenstedtocerasy PerisphincteSy PeltoceraSy Aspidocercuty Parhinsonidy 
Cosmoceras. Dibranchia : — BelemniteSy BelernnoteuthiSy Acantho- 
teuthu. 

Lower Cretaceous. Nautiloidea. — Nautilus. Ammonoidea ; — 
MacroscaphiteSy Hamitesy llolcosteplianusy DesmoceraSy ParakoplUeSy 
DoumlleiceraSy Crioceras, Dibranchia : — Belemuites, 

Upper Cretaceous. Nautiloidea : — Nautilus. Ammonoidea : — 
HamiteSy TurriliteSy BaculiteSy Desmocerasy PachydiscuSy UopliteSy 
AcanthoceraSy Scapkitesy Schlcenhachia. Dibranchia : — BelemniteSy 
Belemnitellay Acivmcammx. 

Eocene. Nautiloidea : — NautUuSy Aturia. Dibranchia : — Belo- 
sepidy Belopterdy Spirulirostra. 
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Classes. 


1. Crustacea 


Sub-Classes. 

1. Trilobita. 

2. Branchiopoda. 

3. Ostracoda. 

4. Copepoda (not fossil). 

5. Cirripedia. 


LO. Malacostraca 


Orders. 


2. Onychophora (not fossil). 

3. Myriapoda. 

4. liisecta. 

1. Merostomata 


5. Arachnida *{ 


2. Euaracbnida 



Leptostraca. 

1 2- 

Syncarida. 

< 3. 

Peracarida. 


Eucarida. 

u. 

Hoplocarida. 


Xiphosura. 

1 2. 

Eurypterida. 

1. 

Scorpionida. 

2. 

Pedipalpi. 

3. 

Araneida. 


PseudoBCorpionida. 

6 . 

Phalangida. 

6. 

Acarina. 

\ 7. 

Anthracomarti. 


The Arthropods have a bilaterally symmetrical body, 
formed of a series of segments (or somites), but the 
segments are not all alike, and some are fused together. 
Some, or all of the segments, bear a pair of jointed ap- 
pendages or limbs, those near the mouth being modified 
to serve as jaws, A chitinous exoskeleton is always present, 


w.p. 
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and is often strengthened by the deposition of carbonate or 
phosphate of lime; between the segments the integument 
remains soft and flexible, so that movement of the parts 
of the body is rendered possible. A heart is found in most 
forms ; it is placed dorsally, and is provided with paired 
slits, termed ostia. The body-cavity contains blood. In 
some forms respiration takes place by means of the general 
surface of the body; others are provided with special 
organs — gills (or branchiae), tracheae, or lung-books. The 
gills are generally thin projections of the skin borne by 
some of the appendages ; the tracheae are long, branching 
tubes, filled with air, which penetrate all parts of the body 
and open to the exterior; the lung-books are chambers 
containing leaf-like folds of the skin. The nervous system 
consists of a supra-oesophageal ganglion or brain, connected 
by a ring round the oesophagus with a ventral cord, usually 
provided with ganglia, and placed beneath the intestine. 
The sexes are separate in the majority of forms. 

The Arthropoda are divided into the following Classes: — 
(1) Crustacea, (2) Onychophora, (3) Myriapoda, (4) Insecta, 
(5) Arachnida. The Onychophora include one genus only — 
Peripatus, which has not been found fossil. 


CLASS 1. CRUSTACEA 

The Crustacea are mainly aquatic animals, and are 
abundant as fossils ; they breathe generally by means of 
gills, but in some cases respiration takes place through the 
general surface of the body. The chitinous exoskeleton is 
frequently hardened by a calcareous deposit, — hence the 
name Crustacea. Segmentation is usually well marked, 
but in the Ostracoda is shown by the appendages only. 
The exoskeleton of a segment or somite consists of a dorsal 
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part, the tergum, and a ventral part, the sternum. In the 
higher Crustacea, three regions may be distinguished in 
the body : — the head, the thorax, and the abdomen ; but 
in the lower forms the abdomen is often not clearly differ- 
entiated from the thorax. In the head there are five 
segments fused together, but externally these (except in 
Trilobites) are indicated only by the appendages. The 
number of segments in the trunk (thorax and abdomen) is 
variable in the lower Crustacea, but is constant in the 
Malacostraca. In many forms some or all of the segments 
of the thorax fuse with those of the head, forming a cephalo- 
thorax. In many Crustacea there is a dorsal shield or 
carapace which covers part, or sometimes the whole, of the 
body, and originates as an outgrowth from the posterior 
margin of the dorsal part of the head. The head usually 
bears five pairs of appendages, viz. : — two pairs of feelers 
(the antennules and antenna:^), one of mandibles, and two 
of maxillae ; the first two pairs are in front of the mouth. 
The thorax is also provided with appendages, and often the 
abdomen too. The mandibles and maxillae, and frequently 
some of the anterior thoracic appendages, serve as jaws. 
The Crustacean appendage is typically biramous, consisting 
of a basal part (the protoj)odite) bearing two branches — 
the inner called the endopodite, and the outer termed the 
exopodite (fig. 144 C). The protopodite usually consists 
of two segments — a proximal or coxhjmdite, and a distal 
or ^basijwdite. In some cases the exopodite disappears 
and the limit becomes unirarnom. The mouth is on the 
under surface of the head, and the anus is on the last seg- 
ment (the telson) of the body. Eyes are generally present, 
commonly a pair of compound eyes, and sometimes a 
median simple eye; in many Crustacea the former are 
placed on movable stalks. The sexes are separate except 

20—2 
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in most of the cirripedes and in some parasitic isopods. In 
the Malacostraca the genital apertures are on the sixth 
thoracic segment in the male, and on the eighth in the 
female; in the lower Crustacea (Entomostraca) the position 
of the apertures is variable. 

In some Crustacea development is direct, that is to 
say, the young individual has the same form as the adult ; 
but generally this is not the case, the young undergoing 
metamorphosis before reaching the adult stage. The two 
chief larval forms are known as the naiiplius and the zocea. 
In the nauplius the body is unsegmented, and possesses 
three pairs of appendages representing the two pairs of 
antcnrue and the mandibles. In the zoiea stage some of the 
thoracic appendages are present also, and the abdomen is 
segmented but possesses no appendages. 

The Crustacea are divided into six sub-classes: — 
(1) Trilobita, (2) Branchiopoda, (8) Ostracoda, (4) Cope- 
poda, (5) Cirripedia, (6) Malacostraca. The Copepods are 
not definitely known as fossils. 

The first five sub-classes are usually grouped together 
as the Entomostraca, but they differ considerably from 
one another and are not united by the possession of im- 
portant features common to all. In comparison with the 
Malacostraca they are generally of simple organisation, 
usually with the number of segments in the trunk varying 
widely, and with the abdomen usually ending in a caudal 
fork; with the exception of the Trilobita they are generally 
of small size, and often without a clear differentiation of the 
trunk into thorax and abdomen. A median unpaired eye 
is usually present. 
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SUB-CLASS I. TRILOBITA 

The Trilobites derive their name from the fact that the 
body is divided into three parts, by means of two furrows, 
which extend from the anterior to the posterior extremi- 
ties ; this trilobation is usually conspicuous, but in a few 
genera {e.g, Homalonotiis, Ill(mxis\ it is indistinct or almost 



. Fig. 139. Galymene tuherculata, from the Wenlock Limestone. Dorsal 
surface. A, head ; B, thorax ; C, pygidium or abdomen, a, glabella ; 
a', axial furrow; b, one of the glabella furrows; b\ neck-furrow, 
behind which is the neck-ring ; d, facial suture ; e, eye ; /, free 
cheek; fixed cheek; genal angle;. i, axis of thorax; k, pleura. 
Natural size. 


obsolete. The body is oyal in outline, and flattened from 
above downwards ; it consists of the head (fig. 189 A), the 
tho r^ (B),and the pmidium or abdomen (C). The segments , 
of the head and of^e pygidium are fused together, but 
those of the thorax remain free. Traces of the alimentary 
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canal are sometimes found in the middle or axial part 
of the Trilobite. 

The dorsal surface of the body is protected by a strong, 
calcareous exoskeleton. The part which covers the head 
is known as the head-shield or cephalic s hield, and is 
usually semicircular or triangular in shape; in it may 
be distinguished a median and two lateral portions ; the 
former is the more convex and is termed the alah^ l,a {a), 
the latter are the cheeks. The glabella is marked off from 
the cheeks by means of a furrow on each side, known as 
the axial (a'). The form and relative size of the 

glabella vary in different genera; in some it extends quite 
to the anterior margin of the head-shield, in others only a 
part of the way (fig. 148); sometimes it is wider behind 
than in front ; in other cases it is wider anteriorly, or it 
may be of uniform width throughout ; its convexity also 
varies considerably — it may be nearly flat, but is sometimes 
pear-shaped or spheroidal. The segmentation of the head 
is indicated by transverse furrows on the gla bella (6), — often 
three o n eac h side; in some cases the opposite furrows from 
the two sides meet at the middle of the glabella. On the 
posterior part of the glabella there is another furrow, which 
extends quite across it and is continued on to the cheeks ; 
this is known as the neck-furi QW {h'\ and the segment 
of the glabella behind it is the neck-ri ng . These furrows 
indicate the existence of fivt^egments in the head. In 
primitive trilobites all the furrows are distinct, but in others 
some, especially the anterior furrows, become indistinct or 
obsolete. 

The cheeks are more or less triangular in shape, and 
usually less convex than the glabella ; they are frequently 
bordered by a flattened or concave margin which in 
Trinucleus is very broad and highly ornamented. The 
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posterior angles of the cheeks, known as the 
(h), may be rounded {e,g, Galymene), but are often pointed 
or produced into spines, the gen^ spin es (e.g, Paradoaddes^ 
fig. 147). Each cheek is usually divided into two portions 
by a suture (the fn/dgl d ) ; the inner part —that 

between the facial suture and the glabella — is termed the 
( 9 ) immovable ; the outer part, known 

as the fr ee ch ^§k (/), is slightly movable on the fixed 
cheek. The course of the fiicial suture varies in different 
forms : it may commence on the posterior border inside the 
genal angle (fig. 150), or at or near the genal aiagle (A), or 
on the lateral border in front of the genal angle (fig. 151) ; 
it passes inwards to the eye and then bends forwards, and 
may be continuous with the suture of the other cheek in 
front of the glabella, or it may cut the anterior margin of 
the head-shield, in which case it is sometimes united with 
the suture of the other side on the inferior surface of the 
head (fig. 141, d). When the sutures are continuous in front 
of the glabella it is evident that the cheeks will also be 
continuous. Since the position of the facial suture varies 
in different genera the relative sizes of the fixed and free 
cheeks will obviously vary too ; thus in Ilkenus the free 
cheek is very narrow, in Phillipsia very broad. Owing to 
the fusion of the fixed and free cheeks the facial suture is 
sometimes absent e.g, some species of Acidaspis) this is 
probably also the case in Agnostus, Microdiscics and a few 
other genera. 

The fiompoiind ftyasifip*. 139, e) are on the upper surface 
of the head, one on each free cheek in the angle made by 
the facial suture ; they are more or less conical with the 
summit truncated or rounded, and with the visual surface 
on the external part. The eyes usually consist of a large 
num ber of lenses — in Remopleurides the number is stated 
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to be 15.OQ0 . Usually the lenses are biconvex or globular 
and adjacent to one another, but mPhacops and its allies the 
eyes are more highly developed, the 
lenses being separated by portions 
of the cephalic shield so that each 
appears to rest in a separate socket. 

The eye is entirely on the free cheek, 
but rests on a lobe or buttress on 
the adjacent j)art of the fixed cheek. 

In a few Trilobites the eyes apjxiar 
to be of a simpler type; for example, 
in Harpes each eye usually consists 
of two or three lenses only, and in some species of 
Trinucleus of a single lens; but it is probable that in 
such cases the eye is merely a degenerate form of com- 
pound eye. In a few Trilobites {AgnostuSy Microdiscus, 
AmpyXy Gonocoryphey some s})ecies of AcidmpiSy etc.) eyes 
are absent; in such cases it is probable that the visual 
organs have been lost through disuse, just as is the case 
with some Crustacea at the present day which live at gi’eat 
depths in the sea or in other places where no light can 
penetrate. When eyes are absent the facial sutures also 
are usually wanting. In jEglina (fig. 140) the eyes are 
unusually large, occupying the greater part of the free 
cheeks, and sometimes extending on to the ventral surfiice; 
it is probable that this Trilobite was a pelagic animal which 
swam near the surfrce of the sea at night, but sank to 
considerable depths, where there was but little light, 
during the daytime. In many of the Cambrian Trilobites 
the eye itself is not found, but since the eye-lobe is present 
it is reasonable to infer that it supported the visual organ, 
and that the absence of the latter is due to imperfect 
preservation ; this view is rendered more probable by the 



Fig. 140. Mglina hU 
nodosa^ Areoig Beds. 
Natural size. 
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recent discovery of the surface of the eye in a specimen 
of Olenellus from the Lower Cambrian. In many Cambrian 
and some few later Trilobites a thread-like ridge, called the 
eye-linBy extends froni the compound eye to the glabella 
(fig. 152, 0 — n). 

In some Trilobites a small tubercle-like projection is 
found on the middle line of the front part of the glabella; 
this has been shown to be a visual organ and to possess a 
structure similar to that seen in the median unpaired eye 
of the Branchiopods and Ostracods. 

The head -shield is continued on the under surface of 
the head as a reflexcd 
border or marginal rim 
(fig. 141, h)\ sometimes 
the facial sutures (o) are 
continued across this bor- 
der, and they may be 
joined by a transverse 
suture (d). Attached to 
the border in the median 
line is a plate (a), usually 
oval or shield-shaped, 
situated in front of and below the mouth and known as the 
hypostome or labrum (fig. 142). Just behind the mouth 
is the small lower lip-plate or nietastoma (fig. 144 A, m), 
which, up to the present time, has been found in Tri- 
arthrus only. 

In many Trilobites a small oval or elliptical area, 
sometimes slightly raised like a. tubercle, in other cases 
depressed, is found on eaclj side of the hypostome just 
behind the middle of its outer surfiice (fig. 142); these 
maculcB are sometimes entirely smooth, but in other cases 
a part, or the whole of the surface, shows a structure similar 



Fig. 141. Calymene tiiherculata, Silu- 
rian. Ventral surface of head, 
a, hypostome ; h, marginal rim ; 
c, facial suture ; d, transverse su- 
ture ; rostral plate. (After 
Barrande.) Natural size. 
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to that of the compound eyes on the dorsal surface of the 
head, and such were probably visual organs. Maculae are 
not known to occur in any other Crustacea, 

TJie thorax (fig. 139 B) consists of a series of segment s, 
which vary in number from two 
t o twenty- nine, and are movable ^ 

upon one another, in some ciises 
sufficiently to enable the animal ^ 

to roll itself up like a woodlouse. 

Each segment is divided into a the Llandeilo Beds. Re- » 

median and two lateral parts by 

means of two furrows. The median or axia l pa rt is more 
convex than th e later al, and forms the axis (i), the lateral 
parts being known as the pleurw (k). The anterior part 
(fig. 143, c) of the axis . 

of each segment is not \ } 

visible when the animal 
. is unrolled, since it bends 

Fig. 143. Dorsal surface of a thoracic 
down and is overlapped segment of Asaphus expamw. < 1 , 

bythepm»di»g*graont, 

for which it forms an arti- pleura ; d—g, pleura ; e, fulcrum ; 

cular surface. The pleurae 

in some genera possess a longitudinal ridge, in others a 
groove (A), or both ridge and groove may occur; a few 
forms have plane plevira\ Each pleura, at some distance 
from the axis, is curved downwards and usually also back- 
wards; the point where this curvature occurs is known as the 
fulcrum {e ) ; sometimes the outer part of each pleura over- 
laps the anterior part of the succeeding one, and then the 


Fig. 143. Dorsal surface of a thoracic 
segment of Asaphus expan sue, <i, 
ring of axis ; h, groove; c, articular 
portion; d, furrow between axis and 
pleura ; d — g, pleura ; e, fulcrum ; 
/, facet ; groove on pleura. 


front part of the pleuta beyond the fulcrum may be smooth 
andflattened so eusto fonn an articulatingsurface or (/). 
’^he terminations of the pleurae are in some cases rounded 
^g. 143), in others pointed or produced into spines (fig. 147). 
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The pygidmm or ahHemeji (fig. 139 0) is commonly 
triangular or semicircular in shape, and is formed of a 
variable number o£jegmeata^which are similar to those 
of the thorax but ar^fij^edJpg^Jtte and inx^QPvable ; on 
the dorsal surface the segmentation is shown by grooves 
only. The pygidium, like the thorax, is divided into a 
median part or axis, and lateral ^,ort ions. The axis may 
reach quite to the posterior extremity or only part of the 
way, and it tapers more rapidly than the axis of the 
thorax ; in Bronteufs it is very short. The margin of the 
pygidium may be even or entire, or may be provided with 
a posterior spine or with lateral spines. This margin is 
bent under so as to form a border on the ventral surface 
similar to that on the ventral surface of the head. 

For a long time the appendages of the Trilobites were 
unknown. In the great majority of specimens, when the 
under surface is exposed, the only parts which are found 
to be preserved are the hypostome and the rcflexed borders 
of the dorsal exoskeleton. But in rolled-up specimens of 
Galyniene and GheiruruSy Walcott showed, by means of thin 
sections, that jointed appendages are present on the hijad, 
thorax and pygidium, and that the ventral surface of the 
body is formed of a thin, uncalcified cuticle, strengthened 
by transverse arches. 

More recently specimens in which the body is not 
rolled up, showing clearly the ventral surface with the 
appendages, have been obtained from the Utica Slate 
(Ordovician) near Rome (New York) and from the Middle 
Cambrian deposits of British Columbia. The most im- 
portant of these belong to the genus Triarthrus from the 
Utica Slate (fig. 144). Each segment of the body, excluding 
the last (or anal), is found to bear one pair of appendages, 
which, with the exception of the first, are biramous. On 
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the head there are five pairs of appendages. The first are 
the long antennae which are attached on each side of the 
hypostome (A) and consist of a large basal joint bearing a 
flagellum formed of numerous short conical joints ; these 
appear to be the only appendages in front of the mouth, 
and are considered by Beecher to represent the antennules 
(first pair of antennae) of other Crustacea. The remaining 
four pairs of appendages of the head are biramous and all 
appear to have nearly the same form but increase in size 
backwards; t\\G second pair are considered to represent the 
antenna), the thirds the mandibles, and the fourth and fifth 



Fig. 144. Triarthrus becklj from the Utica Slate (Ordovician) near Rome, 
New York. (After Beecher.) 

A. View of tho ventral surface showing appendages, etc, h, hypo- 

stomc ; m, metastoma, x % , 

B. Diagrammatic section through the second thoracic segment. 

a, endopodite; />, exopodite. 

C. Dorsal view of second thoracic leg. a, endopodite; ft, exopodite; 

c, protopodite with gnathobase. Enlarged. 


Fig. 144 a. Neolenm serratua^ Middle Cambrian. Keatoration of ventral 
surfaoe. antennules; An^ anus; C.r. caudal rami; itJn, endopo* 
dite ; Ep, epipodite ; Ex, exopodite ; i/y, hypostome ; pr, protopodite ; 
v.i. ventral integument. The setae have been omitted from the 
appendages on the right hand side of the figure. (After Walcott). 
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pairs the maxillae of other Crustacea. Each maxilla consists 
of a large basal joint (the protopodite) which bears a stout 
endopodite and a slender the latter carries a row 

of hairs ovsetce] the inner edge of the protopodite is toothed 
and served as a jaw (gnathobase) ; whilst the endopodite 
and exopodite assisted in locomotion. 

The appendages of the thorax are long, but gradually"* 
decrease in size backwards, and consist of a protopodite 
(fig. 144 C, c) bearing the endopodite (a) and the exopo- 
dite (b) which are of nearly equal length. The endopodite 
is formed of six joints, and probably served as a swimming 
organ. The exopodite consists of a long basal joint followed 
by a part consisting of numerous short joints; it bears sete 
along its posterior edge and was probably adapted for 
crawling. The inner prolongations of the protopodites 
served as gnathobases. The limbs in each pair are widely 
separated, and in each segment the ventral cuticle between 
their bases is strengthened by a median longitudinal ridge 
and one or two oblique ridges on each side. On the 
posterior part of the thorax some of the joints of the 
endopodites become flattened. 

The appendages of the pygidium are similar to those 
on the posterior part of the thorax, but are more distinctly 
leaf-like owing to the flattening and expansion of the first 
segments of the endopodite which bear seta3 ; the exopo- 
dite is slender. The anal opening is on the last segment 
(or telson) near the end of the pygidium. 

In specimens of Neolenus from the Middle Cambrian 
of British Columbia, Walcott has discovered the caudal 
fork ; it consists of a pair of jointed filaments coming off 
from the end of the pygidium (fig. 144 A, C.r), Leaf-like 
epipodites {Ep) have also been found in Neolenus] each 
consists of two joints and is attached to the protopodite. 
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In some fine-grained deposits, especially in the Lower 
Palaeozoic rocks of Bohemia, the larval forms of Trilobites 
are found well preserved, and by obtaining specimens of 
different ages it is possible to trace out the changes which 
occurred in the development of the individual. In the 
earliest stage (fig. 145 A), called protdspis by Beecher, 
the body is discoid or ovate in form, and consists of a large 
cephalic region and a small pygidial part; the axis is 
distinct, and is marked by furrows; eyes, when present, 
are at or near the outer front margins of the shield (fig. 
145 E), and the free cheek, if present, is narrow (G). The 




Fig. 145. Development of Trilobites. (After Barrande.) 

A — D. Sao hirsuta^ Cambrian, Bohemia. A, earliest stage (protaspis), 
X 12. B, later stage, with three segments behind the head, x 12. 
C, with more distinct glabella farrows and four segments behind the 
head, X 12. D, with six segments behind the head, x 10. 

E — ^H. Phacops {Odontochile) socialise Ordovician, Bohemia, x about 8. 
E, earliest known stage, with eyes at the margin, and three segments 
behind the head. F, later stage, with more distinct furrows on the 
glabella, and four segments behind the head. G, with eyes moved 
inward, and narrow free cheeks ; six segments behind the he^. H, free 
cheeks relatively larger and eight segments behind the head. 


glabella usually reaches the front margin of the head. In 
later stages the pygidium becomes more distinct and in- 
creases in size ; and the thoracic segments are gradually 
introduced between the head and the pygidium (C, D). 
At the same time the eyes move backwards and inwards 
until they attain their adult position, and the free cheeks 
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increase in size (H). The glabella often becomes rounded 
in front and relatively shorter ; its furrows become more 
distinct, indicating the existence of five cephalic segments. 
In some cases (C, D) the facial suture appears first at the 
lateral margin of the head-shield; in others (G) at the 
anterior margin. Beecher considers that the protaspis of 
Trilobites corresponds to one of the nauplius stages (the 
metanauplius) of recent Crustacea, but that view is not 
accepted by Kingsley. 

The youngest stages of some of the Olenellids are 
of interest since segmentation is shown on the cheeks by 
means of grooves which extend outwards from the glabella ; 
in these forms the eye-lobe appears first as an out-growth 
from the front segment of the glabella. 

The possession of antennje, the biramous character of 
the other appendages, and the presence of five cephalic 
segments, show that the Trilobites belong to the Crustacea. 
The great variability in the number of segments in the 
thorax and pygidium, the leaf-like character of the ap- 
pendages on the posterior part of the body, the large hypo- 
stome, and the gnathobases on the thoracic appendages 
seem to indicate that the Trilobites are related to the 
Phyllopod group of the Branchiopoda (p. 332), and espe- 
cially to Apus and Branchipus ; other features in which 
the two groups agree have been furnished by the discovery 
of the median unpaired eye and the caudal fork in Trilobites. 
But the Trilobites differ from the Phyllopods in the trilo- 
bation of the body, in the occuiTence of a facial suture, and 
in the posterior segments being fused together to form a 
pygidium. In the character of their appendages the 
Trilobites are more primitive than the Phyllopods or any 
other Crustacea, since all except the first pair are very 
similar in structure and show but little specialisation in 
different regions of the body, and all are deeply biramous. 
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Other primitive characters are seen in the indication of 
segmentation on the dorsal surface of the head, and in the 
presence of a pair of appendages on every segment of the 
body except the last. The Trilobites differ from other 
Crustacea in having only one pair of pre-oral appendages. 

In the general form of the dorsal exoskeleton and in 
the position of the compound eyes some of the Trilobites 
show a resemblance to the Xiphosura (p. 361 ); this appears* 
to be due to adaptation to a similar mode of life rather 
than to any close relationship, since the essential morpho- 
logical features of the two groups are distinct. It is 
probable that most of the Trilobites lived on the sea-floor 
and were able to burrow in the sand or mud in the same 
way that Liniulus does. 

gOStU|l. Body small, head-shield and pygidium similar in 
form ana size; eyes and facial suture absent; glabella does not 
reach the anterior border of the head, and has a small lobe at each of 
the posterior angles. Thoi*ax formed of 2 segments, axis wide, pleuiw 
grooved. Segmentation not shown on the lateral parts of the pygi- 
dium. Olenellus Beds to Bala Beds, Ex. A . pmforniUj Lingula Flags. 

IMEicrodiscuS. Similar to Agnostics but with from 2 to 4 
segments in the thorax, and axis of pygidium with numerous distinct 
segments. Olenellus Beds to Lingula Flags. Ex. M. punctatus^ Lin- 
gula Flags. 

Trinucle UB, Head-shield large, with long genal spines, and 
a broad flat, ornamented border; glal>ella inflated, pyriform, furrows 
sometimes absent. Eyes generally absent. Facial suture absent or 
indistinct. Thorax with 6 segments, pleursa grooved, straight, but 
slightly curved near their extremities. ‘Pygidium short, triangular, 
margin entire. Arenig to Bala Beds. Ex. T, concentricus, Bala Beds. 

Ainp3rx. Similar to Trinudeus, Head shield triangular, 
without a border, and with a long straight spine given off from the 
front of the glabella ; facial sutures near the external margin, not 
continuous in front ; free cheeks very narrow. Arenig to Wenlock 
Beds (chiefly Ordovician). Ex. A, nudus^ Llandeilo Beds. 


w.p. 


21 
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OlenellUB. Head-shield large, semicircular, with a border and 
genal spines ; glal)ella of nearly the same width throughout, the front 
lobe longer than the others ; facial sutures not visible ; eyes large, 
elongate, curved, joined to the front segment of the glabella. 14 seg- 
ments in the thorax ; pleuraa grooved and produced into backwardly- 
curved spines ; the third segment larger than the others and with 
longer spines. Pygidium elongate, spine-like, without lateral lobes. 
Lower Cambrian. Ex. 0. thompsoni. 



Fig. 146. Fig. 147. 


Fig. 146. Holrnia kjerulfi. Lower Cambrian. (After Holm.) Natural 
size. 

Fig. 147. Faradoxides davidis^ from the Menevian Beds, x J. 

lM[ 680 n&ci 8 . Similar to Olenellus. Thorax elongated, tapering 
posteriorly, consisting of 15 anterior segments, behind which are 
10 shorter segments with the pleurae less well developed ; the axis of 
the 15th segment bears a long backwardly-directed spine. Pygidium 
small, plate-like. Lower Cambrian, Ex. N, vermontana. 



CRUSTACEA. TRILOBITA 


323 


Holmia (fig. 146). Similar to Olenellus. A spine at the pos- 
terior margin of the head-shield between the glabella and the genal 
spine. Thorax of 16 segments, the third not enlarged ; pleurro pro- 
duced into narrow, separated spines. A row of spines extends down 
the axis of the body from the neck-ring nearly to the pygidium. 
Pygidium small, plate-like, with indications of segments on the axis. 
Lower Cambrian. Ex. //. kjervlfi. 

Callavia. Similar to Ilolmia. Glabella narrow, especially in 
front. Pleura) produced into broad spines. A long spine from the 
neck-ring. Lower Cambrian. Ex. C. hroggerL 

(fig. 147). Body large, elongated, narrowed pos- 
teriorly. Head-shield br<jad, semicircular, with a border, and long 
genal spines ; glabella broad in front, with 2 to 4 furrows on each 
side, some of which are continuous across. Facial sutures extend 
from the posterior to the anterior border. Eyes large and arched. 
Thorax long, of 16 to 20 segments; pleurae grooved and produced 
into long backwardly-directed siaues. Pygidium very small, plate- 
like, its axis with 2 to 8 segments. Middle Cambrian. Ex. P. 
davidU^ Menevian ; l\ bohemieuSy Cambrian. 


Olenus (fig. 148), Body oval ; head-shield larger than the 


pygidium, with a narrow border, 
and with genal spines ; glaliella 
not reaching the anterior border, 
and not expanding in front, usually 
with throe i)airs of furrows ; facial 
sutures extend from the posterior 
margin (near the genal angle) to 
the front border ; eyes a little in 
front of the middle of the cheeks, 
and united to the front of the 
glabella by an eye- line. Thorax 



Fig. 148. Olenus cataractes^ from 
the Lingula Flags. Natural 
'size. 


of from 12 to 15 (typically 14) segments; axis narrow, pleurae with 


short points. Pygidium small, with 3 or 4 segments indicated on 


the axis, and with entire border. Lingula Flags to Tremadoc Beds. 


Ex. 0. gibbomsy 0. catarcMiteSy Lingula Flags. Paraholinay Pdtwray 
Parabolindlay Leptoplastusy Eurycarey and Sphoerophthalmm are 


closely related to Olenus, 


21—2 
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ponocoryphe {^^Coyiocephalites). Head-shield semicircular, 
with a furrow inside the border, with genal spines (not always 
preserved) ; axial furrows deej), glabella narrow in front and with 
3 or 4 backwardly-directed furrows and a well-marked neck-furrow ; 
free cheeks narrow ; eyes absent. Facial sutures begin just within 
the genal angles, and cut the front margin. Hypostome convex, formed 
of a central oval portion surrounded by a narrow border. Thorax 
with 14 or 15 segments ; pleune grooved. Pygidium small, margin 
entire, axis with from 2 to 8 segments. Lower Cambrian to Treinadoc 
Beds. Ex. (7. C. sulzeriy Lower C/ambrian. 

Angelina. Body oval. Head-shield with long genal spines, 
glabella parabolic, without furrows; eyes small, near the middle 
of the cheeks. Thorax with 14 or 15 segments, pleuras faceted. 
Pygidium short, margin i^rovided with two. teeth, axis of 4 or 5 
segments. Trernadoc Beds. Ex. A. sedgwickL 

(fig- 139). Head-shield semicircular, genal angles 
rounded, occasionally pointed; glalxjlla inflated, broadest behind, 
with three pairs of lateral furrows separating three globular lobes on 
each side. Eyes small, prominent. Facial sutures extending from 
the genal angles to the anterior border, where they are connected 
by a transverse suture below the margin. Thorax of 13 segments, 
axis prominent, pleurre grooved and faceted. Pygidium with 6 to 
11 segments, margin entire. Arcnig to Upper Ludlow. Ex. C. 
tuh&rculata^ Wenhxjk Limestone. 

(fig- fi'J'g®’ elongated, with iu- 

distinct trilobation. Head-shield broad, genal angles roui ided, furrows 
oirthe glabella indistinct or absent. Eyes small. Facial suture 
2 )assing fi'om the genal angles to the front margin, and often con- 
tinuous in front. Thorax with 13 segments; axis wide, not well 
marked. Pygidium triangular, axis with 10 to 14 segments. Arenig 
to Devonian. Ex. H, ddphimcephalus^ Wenlock Beds ; H. bimlcatus^ 
Ordovician. 

Ogygla. Body oval, nearly flat. Head-shield large, semi- 
circular, with a flattened b(jrder; glaljella distinct, wider in front, 
with 4 or 5 lateral furrows. Eyes large. Facial sutures pass from 
the posterior border to the front margin, and are generally continuous 
at the margin. Free cheeks large. Hypostome not notched. Thorax 
of 8 segments, axis narrow, distinct ; pleur89 grooved, usually with 
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pointed ends. Pygidium largo, semicircular, margin entire, axis of 
numerous segments. Tremadoc to Llandeilo Beds. Ex. (X hnehi^ 
Llandeilo Beds. 

J^ffjiphua (figs. 142, 150). Body oval, surface smooth or with 
striae. Head-shield large, semicircular with a flattened border, genal 



Pig. 149. Homalonotus delphinocephaluny Silurian. Natural size. (From 
Nicholson.) 

Fig. 150. AsaphuH tyrannus, from the Llandeilo Beds, x . 


angles rounded or spinose; glabella indistinctly defined, wide in 
front, with indistinct lateral furrows. Eyes large. Facial sutures 
pass from the posterior to the anterior margin and are generally con- 
tinuous at the front margin. Free cheeks large. Hypostome notched 
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posteriorly. Thorax formed of 8 segments, axis rather broad, pleureB 
obliquely grooved, with rounded extremities. Pygidium of about 
the same size as the head, rounded, formed of numerous segments ; 
margin entire. Tremadoe to Bala Beds. Ex. A. tyranmcs^ Landeilo. 
Sub-genus *A8aphellus : hypostome not notched. Tremadoe Beds. 
Ex. A» homfrayL 

mayOtfUfi- Body oval, convex. Head-shield large, semicircular ; 
glabella indistinctly limited except near the posterior end, without 
furrows externally. Eyes remote from one another. Facial sutures 
commence on the posterior border, cut the anterior border in front of 
the eye, and unite on the inferior surface. Free cheeks small. Thorax 
with usually 10 segments, axis broad, pleurse neither grooved nor 
ridged. Pygidium large, semicircular, axis indistinct, segments not 
visible externally. Arenig to Wenlock. Ex. /. damsi^ I. howmanni^ 
Bala Beds. 

JEaglina (fig. 140). Head-shield large ; glabella large, convex, 
projecting beyond the margin in front. Cheeks narrow; eyes very 
large, occupying nearly all the free cheeks. Facial sutures discon- 
tinuous, close to the glabella. Thorax with 5 or 6 segments, axis 
broad, pleura) grooved. Pygidium rounded, axis short. Arenig to 
Bala Beds. Ex. jE. binodosa^ Arenig Beds. 

Head-shield large, semicircular, genal angles pointed. 
Glabella expanding rapidly in front, with 3 lateral furrows in some 
species, none in others. Facial sutures start from the posterior border 
and are discontinuous in front. Free cheeks large ; eyes crescentic, 
placed near the posterior border. Thorax with 10 segments, pleurce 
ridged. Pygidium very large, fan-shaped; axis very short; lateral 
lobes large, with radiating grooves. Bala Beds to Devonian. Ex. 
B, Jlabellifer, Devonian. 

Form similar to Trinudeus, but border of head-shield 
broader, finely punctate, and extended posteriorly to near the end 
of the thorax instead of bearing narrow genal spines. Glabella 
short, convex, not expanded in front. Eyes consist of 2 or 3 lenses, 
and are usually joined to the front part of glabella by an eye-line. 
Thorax with 22 to 29 segments ; axis narrow, pleune long, grooved. 
Ordovician to Devonian. Ex. ff, tmgula, Ordovician. 

Head-shield nearly semicircular; glabella prominent, 
broadest in front, with 3 or 4 fuirows, which are sometimes indistinct ; 
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facial sutures commencing on the lateral borders of the cheeks in front 
of the genal angle, and continuous in front of the glabella. Eyes 
generally large, formed of largo, distinct lenses. Thorax with 11 seg- 
ments, pleurte grooved. Pygidium variable. Ordovician to Devonian. 

PIuicops^ as defined above, may be divided into : 

Phacops (restricted) : glabella inflated and expanded in front, with 
the two anterior furrows obscure. Eyes large. No genal spines. 
Silurian and Devonian, Ex. P, stokesl^ Silurian. 

Trimerocephahis : glabella furrows obscure or absent. Eyes small. 
No genal spines. Devonian. Ex. T. Iwvu. 

Acaste: glabella not much expanded in front, all the furrows 
distinct. Ordovician and Silurian. Ex. A, domiingiije^ Silurian. 

Ghanmops: glabella greatly expanded in front, two anterior furrows 
large, two po.sterior very small. With genal spines. Ordovician. 
Ex. C, conophthahnm^ Bala Beds. 

OdontocMle { — Dalmanitas): glabella not much expanded, all the 
furrows distinct, (^enal spines long. Pleune often produced into 
spines. Silurian and Devonian. Ex. 0. caudatus^ Silurian. 






Cheiruru s (fig. 15l). Head-shield semicircular, genal angles 
pointed or with spines ; glabella con- 
vex, oblong or ovoid, with thi’eo pairs 
of furrows which are sometimes con- 
tinuous across, the last pair uniting 
with the neck-furrow. Facial sutures 
continuous in front and ending on the , 
external margins. F ree cheeks small ; 
eyes prominent. Thorax with usually 
1 1 segments, pleiuie grooved, and pro- 
duced into spines. Pygidium small, 
with 4 segments, lateral lobes with 
backwardly-directed spines. Trema- 
doc to Devonian. Ex. 0. articulatus, 

Devonian ; C, bimucronatusy Bala to 
Ludlow Beds ; 0. juvenu^ Bala Beds. 

Deiphon. Glabella globular 

without furrows. Fixed cheeks form- GhetjurutinHgnh, 

, 1 . r«i Silurian. (From Nicholson 

ing two long curved spines. Thorax after Barrande.) Natural 

with 9 segments ; pleurae in the form size. 
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of free spines. Pygidium short, prolonged into two spines on each 
side. Llandovery and Wenlock. Ex. D. f orbed, 

SphserexochUB. Glabella large, spheroidal, with 3 pairs of 
furrows — the two anterior indistinct, the posterior curving back- 
wards and joining the deep neck-furrow. Cheeks small ; eyes small, 
near the axial furrow ; facial suture starts from the genal angle. 
Thorax with 10 segments; pleurje without grooves, with rounded 
ends. Pygidium small, with 3 segments. Ordovician and Silurian. 
Ex. iS'. mirus^ Wenlock Limestone. 

Staurocephalus. Glabella with a spherical lobe projecting 
in front of the cheeks ; the remainder of the glabella narrow and 
cylindrical with 2 pairs of furrows and a deep neck-furrow. Cheeks 
very convex, with a flat border. Facial suture starts from the lateral 
margin and cuts the front margin. Eyes on stalks. Thorax with 
10 segments ; pleune ridged, produced into spines. Pygidium small, 
of 4 segments, with pleuric produced into spines. Bala to Wenlock 
Limestone. Ex. S, murchuo7d^ Wenlock Limestone. 

^ncrinurpg. ilead-shield covered with tubercles ; with a flat 
border, and pointed genal angles ; glabella pyriform, confluent with 
the border in front, its furrows indistinct or absent ; eyes small, on 
short peduncles. Facial sutures continuous in front, ending just in 
front of the genal ai igles. F ree cheeks narrow. Thorax with 1 1 similar 
segments, pleura) ridged. Pygidium narrow, triangular, with many 
segments in the axis, with 6 to 12 pleurae bent backwards and diverging 
from the axis. Bala to Up^x^r Ludlow. Ex. E, punctatiis^ Wenlock 
Limestone. 

Cybele. Similar to Encrinnrus. Three pairs of more distinct 
glabella furrows ; border continuous in front of the glabella ; genal 
angles usually rounded ; facial sutures continuous in front. Thorax 
with 12 segments ; pleurae of the first 6 with blunt ends, those of the 
remaining 7 produced into spines. Pygidium with 4 or 5 pleurae 
which bend sharply backwards and converge towards the axis. Or- 
dovician. Ex. G, verriicosa^ Bala Beds. 

Iiichas. Test covered with tul)ercles. Head-shield convex, 
relatively small, with genal spines. Glabella broad, with a central 
raised part, furrows directed backwards. Facial sutures pass from the 
posterior to the anterior border. Cheeks and eyes small. Thorax 
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with 9 or 10 segments ; pleura) grooved, ending in rather long spines. 
Pygidium large, showing 2 or 3 segments, lateral parts produced 
into spines. Llandeilo to Wenlock. Ex. Z. anglicus^ Wenlock. 

.^^idagpl g (fig. 152). Head-shield broad, its trilobation not 
well marked, with genal spines, and usually with spines at the 
margin of the head ; glabella with a pair of longitudinal furrows 
parallel to tire axial furrows, and with two or three lateral furrows. 
Facial sutures start from the posterior margin just within the genal 
angle and cut the front margin. Free cheeks large. Eyes connected 
with the glabella by an eye-line. Thorax with 9 or 10 segments, 
pleurflB with ridges ])rodueed into long spines. Pygidiiim small, with 
long spines. Llandeilo Beds to Devonian. Ex. A. harrandei^ A . hrighti^ 
Wenlock. 



Fig. 152. Acidaspis prevosti^ from the Silurian. Head-shield. (After 
Barrande.) 1, 2, 3, first, second, and third glabella furrows (the 
first usually indistinct); a, central part of the glabella; c—b — n, in- 
ner furrow of glabella; c — v, neck-furrow; d — v — axial furrow; 
k — X, fixed cheek; o, eye; o — n, eye-line; p, genal spines; q, spines 
from neck-ring ; r, neck-ring ; n — s', facial suture ; y, spines. En- 
larged. 

Body oval ; glaljella with nearly parallel sides, with 
3 or 4 narrow lateral furrows, of which the posterior one curves back- 
wards and joins the deep neck-furrow, thus cutting off a basal lobe. 
Facial sutures cut the posterior border .obliquely, and the anterior 
border in front of the eye. Free cheeks large ; eyes large, reniform. 
Thorax with 9 segments, pleura) grooved. Pygidium semicircular, 
with 12 to 18 segments, margin entire. ‘ Devonian to Permian. Ex. 
P. derbienstSf Carboniferous. 

ProetUS. Closely allied to PhilUpsia hut with fewer segments 
in the pygidium. Ordovician to Carboniferous, chiefly Devonian. 
Ex. P. Jletclieri^ Wenlock. 
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GhrifBLthid68. Body oval ; glabella with inflated basal lobes cut 
oft* by the posterior furrow, and without other lateral furrows ; main 
part of glabella pyriform ; eyes rather small. Thorax with 9 segments. 
Pygidium rounded, with about 13 segments. Carboniferous Lime- 
stone. Ex. G. seminiferus. 


Difitribution of the Trilobita 

The Trilobites are confined to the Pal eozoic period, 
and form one of the most important and striking features 
in the faunas of the Lower Paheozoic deposits. They 
occur first in the Lower Cambrian Beds, and reach their 
maximum in the Ordovician. In the Silurian, Trilobites 
are still abundant, but become less important in the 
Devonian, and in the Carboniferous are represented by 
four genera only. In Europe they do not extend beyond 
the Carboniferous Limestone, but in North America one 
species of Phillipsia has been found in the Permian. 

Already in the Cambrian period the Trilobites were 
represented by a considerable variety of forms, showing 
that even then the group must have been of considerable 
antiquity, but at present no traces of the ancestors of the 
Cambrian forms have been found. It is in the Cambrian 
System that we meet with the largest, as well as the 
smallest Trilobites, e.g, Paradoxides and Agnostus, As a 
whole, it may be said that the Trilobites which are con- 
fined to the Cambrian period are characterised by the 
possession of a large number of thoracic segments, and of 
a small pygidium (fig. 147); whereas, in the Ordovician, 
most of the characterisij'ic genera have fewer segments in 
the thorax and possess large pygidia (fig. 150). 

The most important genera found in the different 
systems are mentioned below; those marked with an 
asterisk * occur only in one system. 
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Cambrian. Agnostus^ Microducm^j Paradoandes^y 0lenellu9^y 
Mesoimcis^y Holmid^^y Sao^y Ellipsocephalm*, Concoryphe^y Oleuus'^y 
Niohey Angelina*, 

Ordovician. AgnosttbSy Ampyxy Trmucleu8*y Ogygiay Asaphusy 
Ill<xnu8y JEglina*y Calymeney Cyhele*y Liohas, Ogygiay AsaphuSy Tri- 
nucleus and Ampyx are abundant. 

Silurian. Calymeney HomalonotuSy lllcenusy PkacopSy ClmruniSy 
Deiphon*y Splwsrexochusy EncrinuruSy AcidaspiSy ProetuSy Lichas, 
Calymene and Phacops are particularly abundant. 

Devonian. IlomalonotuSy Bronteusy PhacopSy CheiniruSy Proetus, 

Carboniferous. Phillipsiay Oriffithuies*y Brachymeiopus*, 


SUB-CLASS IL BRANCHIOPODA 

The Branchiopoda include the water-fleas {Daphniay 
etc.) and other forms. The body, except in one group, is 
distinctly segmented, and often the greater part, or some- 
times the whole, is covered by a carapace which may be 
shield-like, as in Apus, or in the form of a bivalved shell 
resembling a lamellibranch, as in Estheria (fig. 153); in 
some forms there is no carapace. The number of segments 
in the trunk varies very widely, there being in some cases 
as many as 42 ; but no satisfactory differentiation of these 
segments into thorax and abdomen can be recognised. 

On the head there are generally two pairs of antennai 
one of mandibles, and one or two of rnaxillse ; the maxilla^, 
are small and in some cases the second pair are absent. 
The trunk bears several pairs of swimming-feet which are 
generally uniform in structure; they are flattened and 
leaf-like, and their basal parts function as jaws (gnatho- 
bases). Some of the posterior segments of the trunk may 
be without appendages. The last segment of the body (the 
telson) generally bears a caudal fork, having the fonn of a 
pair of spine-like or plate-like processes or of jointed 
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filaments. A pair of compound eyes are usually present, 
and often also a simple unpaired median eye ; the former 
are usually sessile, but in some cases are borne on movable 
stalks. 

The Branchiopoda live mainly in fresh water, but some 
are found in the sea, in salt lakes, and in brackish water. 
Only a few genera are found fossil. The group is divided 
into four Orders, (1) the Anostraca, (2) the Notostraca, 
(3) the Conchostraca, (4) the Cladocera. The first three 
Orders arc often grouped together as the Phyllopoda. The 
Cladocera are not definitely known as fossils. 

Order 1 . Anostraca. The body is elongate and consists of 
numerous segments. There is no carapace. The paired eyes are 
stalked. A form similar to the living Branchipus has been found 
in the Oligocenc of the Isle of Wight. Other genera which appear 
to belong to this Order occur in the Middle Cambrian of British 
Columbia. 

Order 2. Notostraca. Carapace in the form of a dorsal 
shield covering the anterior part of the body. Eyes sessile. Caudal 
fork consists of jointed filaments. The living form Apus has been 
recorded from the Trias. The earliest representative of the Order is 
Brotocaris^ which resembles ilpaand is found in the Lower Cambrian 
of North America. A few other genera occur in the Middle Cambrian 
of British Columbia. 


Order 3. Conchostraca. Carapace forming a bivalved shell 
covering the entire body. Eyes sessile. 

The principal genus is Erthei^^ (fig. 153) in which the valves 
are thin, horny ; ovate, oblong or quad- 


rilateral, united at the straight dors«al 
border ; the surface is covered with con- 
centric ridges or stria?. Old Red Sand- 
stone, Coal Measures, Permian, Trias, 
Wealden, Recent. Lives in fresh or 



Fig. 153. Estheria minuta, 
from the Trias. x3. 


rarely in brackish water. 
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SUB-CLASS III. OSTRACODA 

The Ostracods (fig. 154) are indistinctly segmented 
and generally of minute size. The body is usually com- 
pressed laterally, and is completely enclosed in a bivalved 
carapace, which may be horny or calcareous. One valve 
is placed on each side of the animal, and the two valves 
are joined together dorsally by an elastic ligament which 
serves to open the shell ; sometimes a hinge is formed by 
means of interlocking teeth and ridges; an adductor muscle 
passes from the interior of one valve to the other and by 
its contraction the shell is closed; usually the muscular 



Fig. 154. Lateral view of Gijpris camlida. (After Zenker.) 1, antoiinules ; 

2, antennaa; 8, mandibles; 4, first maxilbe; 5, Ht?cond maxillas; 

6, 7, first and second pairs of legs ; 8, tail; eye. Enlarged. 

impression can be seen from the outside. There are seven 
•pairs of appendages, which can be protruded when the shell 
is opened. In some of the marine forms the shell is notched 
anteriorly so as to allow the antenngB to pass through when 
the shell is closed. The head carries two pairs of large 
antennye which are used for locomotion, one pair of mandi- 
bles. and two of maxillae; the mandibles have a palp, 
usually large, which is not present in the Branchiopoda. 
The trunk has two or three pairs of appendages, which are 
not leaf-like; the posterior part is without appendages and 
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terminates in a caudal fork. A simple unpaired median 
eye is usually present and sometimes lateral compound 
eyes also. Respiration takes place by means of the general 
surfoce of the body. The carapace is in almost all cases 
the only part which occurs fossil; its surface may be smooth 
or variously ornamented. 

Leporditia. Carapace thick, smooth, convex, elongated, a little 
higher posteriorly. The right valve larger than the left. Hinge-line 
straight; ventral margin rounded. There is a small tubercle (eye- 
spot) placed anteriorly near the hinge; and posterior to it is a 
slightly elevated circular area. Ordovician to Carboniferous. Ex. 
Z. hisingeri^ Silurian ; X. okeniy Carboniferous. 

Primitia. Carapace generally equivalve, convex, oblong or 
ovate. Hiuge-linc straight. Each valve has a transverse groove 
which starts from the hinge-line. Ordovician to Permian. Ex* 
P, atrangulatay Bala Beds. 

Beyrichia (fig. 155). Carapace elongated, inflated, posterior 
border a little higher than the anterior; 
dorsal border straight, ventral lx)rder semi- 
circular. Two or three large furrows pass 
from the dorsal towards the ventral edge ; 
the parts between the furrows are convex 
and often tuberciilate, the middle part being 
the smallest. Ordovician to Carboniferous. 

Ex. B. complicatay Llandeilo and Bala. 

Bntoinis. Card.pace equivalve, al- 
mond-shaped, with a deep transverse 
furrow which passes from the dorsal border (a little in front of the 
middle) towards the ventral border. Surface generally striated. 
Anterior margin notched for the passage of the antenna). Ordo- 
vician to Carboniferous. Ex. E. tuherosay Silurian. 

Cythere. Shell oblong-ovate or subquadrato, highest in front ; 
smooth or ornamented with pits, spines,, or ridges. Hinge with 
teeth anteriorly and posteriorly. Permian to present day (chiefly 
Cretaceous and later). Ex. C. striato-pnnetatay Eocene ; pumtatay 
Pliocene. 



Fig. 156. Beyrichia com- 
p^icata, Bala Beds. The 
lower figure shows the 
dorsal aspect of the 
united valves, x 2. 
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Cypii^ (fig. 154). Carapace thin, smooth or punctate, kidney- 
shaped or oval ; ventral edge often concave. Left valve the larger. 
Hinge without teeth. Tertiary to present day. Fresh water. Ex. 
C» faha, Miocene ; G. gihha^ Oligocene to present day. 

C3rpridea. Valves ovate-oblong, convex in the middle, broad 
at the anterior third, narrower behind ; with notch at the anterior 
ventral angle behind a beak-like process. Surface smooth, punctate, 
or tuberculate. Hinge-margin straight, along the middle third of 
the dorsal edge. Left valve the larger. Purbeck, Wealden, and 
Oligocene. Fresh water. Ex. C, valdemis^ Wealden Beds, etc. 


Distribution of the Ostracoda 

The Ostracods have a very wide distribution at the 
present day; many forms are marine, and some are 
abundant in fresh water. The marine forms often occur 
in shoals ; some are pelagic, but others live on the sea- 
floor and are more abundant in shallow than in deep 
water, only fifty-two species being found beyond the 500 
fathom line. 

The fossil forms are very numerous, the earliest occur- 
ring in the Upper Cambrian. Leperditia, Primitiay and 
Beyriohia are abundant in the Ordovician and Silurian; 
Entomis in the Devonian ; and Gypridina and Bairdia in 
the Carboniferous. Gypridea is common in the Purbeck 
> and Wealden Beds; and Gythere in the Tertiary formations. 

SUB -CLASS V. CIRRIPEDIA 

The Cirripedes include the barnacles, acorn-shells, etc. 
— forms which differ considerably in appearance from the 
other crustaceans and were for a long time regarded as 
molluscs. The body is completely enclosed in a ‘‘mantle” 
formed by a fold of the skin, which commonly secretes a 
calcareous shell. The animal, in the adult state, is fixed 



336 


CRUSTACEA. CIRRIPEDIA 


to a foreign object by the anterior end of the hei^d, either 
directly or by means of a muscular 
peduncle. The segmentation of the 
body is indistinct. The head bears 
one or two pairs of antennae (the 
second pair usually absent in the 
adult), one pair of mandibles, and 
two pairs of maxilhe. The trunk 
has usually six pairs of biranious 
feathery limbs (or “ cirri ”). The pos- 
terior part of the trunk (abdomen) 
is much reduced and without ap- 
pendages. Heart and vascular system 
are absent ; nearly all forms are her- 
maphrodite. The shell consists of 
several pieces, the number and ar- 
rangement of which are of great 
systematic importance; in Lejias 
(which possesses a })eduncle) there are five, two are placed 
on each side of the body, those near the peduncle being 
termed the scuta (fig. 15(), a), those at the upper end the 
terga (&), and there is aiit^o one unpaired part placed 
dorsally, the carina (c). In some genera the peduncle is 
covered by rows of scale-like plates. Balanus has no 
stalk ; its shell consists of a tube or truncated cone formed 
of six pieces, at the top of which the scuta and terga are 
placed and form an operculum. In Cirripedes in which a 
peduncle is present the remainder of the body is known as 
the capitulum. 



Fig. 156. Lepaa australis y 
Recent, a, scutum; 
5, tergum ; c, carina; 

peduncle. Natural 
size. (After Darwin.) 
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Distrihutimi of the Girripedia 

The Cirripedes are all marine, and the greater number 
are found in shallow water, particularly near the coasts, 
Balanus being especially characteristic of littoral regions. 
At depths greater than 1000 fathoms, only two genera, 
Sccilpellum and Verrucosiiy have been found, and these are 
not confined to deep water. 

Cirripedes are rare in the Pala‘Ozoic and early Mesozoic 
formations, but become moderately common in the Chalk, 
and are abundant in some of the later Tertiary deposits. 
The (.uirliest undoubted representative of the group is 
Hercolepas from the Upper Silurian of (iothland ; Proto- 
halainis and Palceocreusia are found in the Middle Devonian 
of New York; all of these are sessile forms {i.e. without a 
peduncle). The Paheozoic genera Tui'vilepaSy Plumulites 
and Lepidocoleius have usually been regarded as Cirripedes, 
but their systematic position is still uncertain. Pollicipes 
ranges from the ITpper Jurassic, and Scalpellum from the 
Cretaceous to the present day. Ve^Tuca, Lorietda, Brachy- 
lepas and Pyciiolepas are found in the Chalk. Proverrucci, 
from the Chalk, is of interest since it forms a link between 
the stalked PollicipedidaB and the sessile VerrucidjB. Bala- 
,nu8 appears in the Eocene, and Lepas in the Pliocene. 

SUB-CLASS VI. MALACOSTRACA 

The Malacostraca are usually of larger size than the 
Crustacea belonging to the four preceding ginups. With 
the exception of the Leptostraca, the number of segments 
is constant, there being eight in the thorax, and six in the 
abdomen (not including the telson), making altogether 
nineteen segments in the body. The abdomen is clearly 

22 
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marked off from the thorax by the character of the 
appendages. In some cases the development is direct, 
the young having the same or nearly the same form as 
the parent, but usually larval stages occur ; the principal 
larval form is the zoaea, but a nauplius stage may also 
occur. 

In many groups of the Malacostraca a dorsal shield or 
carapace is present, and usually coalesces with the terga 
of Some or all of the thoracic segments, forming a cephalo- 
thoracic shield or carapace (fig. 162, a — c). The telson (e ) — 
a median plate at the end of the abdomen — does not ter- 
minate in a caudal fork except in the Leptostraca. Each 
segment of the body, except the telson, usually carries a 
pair of appendages. The first pair of antennae (unlike 
those in the preceding groups) are biramous. In some 
of the Malacostraca the thoracic appendages are all 
biramous; but often, with the exception of some of the 
anterior appendages, they are uniramous, the exopodites 
being absent. One or more (often three) of the anterior 
appendages of the thorax are modified so as to function 
as jaws, and are known as maxillipedes ; the remainder 
of the thoracic appendages are used in locomotion. The 
appendages of the abdomen are biramous; the first five 
pairs are swimming legs (pleopods); the last pair (the 
uropods, fig. 162,/) are flattened and commonly form with 
the telson a fan -like tail-fin. In the Malacostraca the 
position of the genital apertures is constant (p. 308). A 
pair of compound eyes are usually present. Calcareous 
ossicles are developed in the stomach forming a ‘ gastric 
mill.' 

There are five Orders of the Malacostraca : — (1) Lepto- 
straca, (2) Syncarida, (3) Peracarida, (4) Eucarida, (5) Hop- 
locarida. 
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ORDER I. LEPTOSTRACA (PHYLLOCARIDA) 

The Leptostraca differ in several respects from all the 
other Orders of the Malacostraca, and possess characters 
which connect them with the Branchiopods. Only four 
genera are now living, of which the commonest is Nehalia\ 
they are small shrimp-like Crustacea, with the body later- 



Fig. 157. ParaTiebalia longipes. Recent. (After Sara.) x 13. a, rostrum ; 
5, eye ; c, antennule; d, antenna; mandibular palp; /, last thoracic 
leg ; p, first abdominal leg ; A, A, rudimentary limbs of fifth and sixth 
abdominal segments ; Z, one half of the caudal fork ; m, cephalic part 
of carapace; n, mandible; o, second maxilla; p, adductor muscle 
of carapace; g, first maxilla; r, first segment of thorax; n, ovary;' 
Z, last segment of thorax ; u, first abdominal segment. 


ally compressed. A large bivalved carapace (fig. 157, m) 
covers the head, the thorax, and some of the abdominal 
segments, but is united to the head only ; the two valves 
are connected by an adductor muscle (^) just as is the 
case in the Ostracods and many Branchiopods. In front of 

22—2 
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the carapace is a movable plate or rostrum (a). There 
are twenty segments in the body — five in the head, eight 
in the thorax (r — t), seven in the abdomen (u — Z), and a 
telson carrying two pointed processes — the caudal fork (1), 
There are nineteen pairs of appendages, as in the Mala- 
costraca ; the head bears two pairs of antennaj (c, cZ), one 
pair of mandibles (n), two of rnaxillaB (g, o) ; on the thorax 
there are eight similar pairs of limbs (/) which are leaf- 
like and resemble those of Branchiopods ; the abdomen 
has six pairs of appendages, the first four being large 
biramous swimming legs (g\ the last two small and uni- 
raiiKJUS (/i, k). The last abdominal segment is without 
appendages. The eyijs are compound and stalked. The 
mandibk‘- bt^ars a long, three-jointed palp (e). The anus 
opens on the telson between the two branches of the 
caudal fork. 

. The Leptostraca agree with the Malacostraca in having 
the abdomen and its appendages clearly marked off from 
the thorax; in the position of the genital apertures; in 
possessing eight segments in the thorax ; in having nine- 
teen pairs of appendages ; and in the occurrence of a 
masticatory stomach. They differ from the Malacostraca 
in the bivalvcd carapace with an adductor muscle ; in the 
possession of leaf-like thoracic legs, of seven abdominal 
segments, and a caudal fork. From most of the Mala- 
costraca they are further distinguished by the presence of 
a movable rostrum, and by all the segments of the thorax 
being free. The group of the Malacostraca to which the 
Leptostraca seem to be most nearly allied is the Mysidse 
— a family of the Mysidacea. 

In the characters of the carapace and of the thoracic 
legs, and in the presence of a caudal fork, the Lepto- 
straca resemble the Branchiopoda. But they differ from 
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them in the clear separation of the thorax from the 
abdomen; in the possession of a rostrum and a mandi- 
bular palp; and in the long anterior antennae. Stalked 
eyes are found in some Branchiopoda and in many Mala- 
costraca. 

The Leptostraca are clearly generalised types, and are 
probably to be regarded as the last survivors of a primitive 
group of Crustacea. No representatives of the Order 
have, however, been yet discovered in post-Triassic rocks ; 
but a number of Crustacea which closely resemble the 
living Leptostraca in the form of the body, with in 
some cases a movable rostrum, are found in the Palaeozoic 
formations; they differ, however, in being much larger, 
and, usually, in the caudal fork consisting of more than 
two spine-like processes. Except in the genus Hyrmnocaris 
the appendages of these Palaeozoic forms are almost 
unknown, and consecpicntly it is difficult to determine 
their affinities satisfactorily. Masticatory organs in the 
stomach are stated to occur in some of the fossil forms. 
Some of the principal Palaeozoic genera are described 
below. 


Hymonocaris (iig. 158). CVirapace Homi-oval, smooth, not 
bivalved. Eight triink-scgmonts ex- 
posed, with four to six caudal spines. - 
Lingula Flags. Ex. II. verndcauda. l \ 

Ceratiocaris. Carapace bi- 
valved, often marked with striae, sub- 
oval, narrow in front, truncated behind 
and with a lanceolate rostrum in front. 

Thorax and abdomen formed of four- 
teen or more segments, the first seven 
or more l)eing covered by . the carajmee; tolson long and pointed, 
with two lateral spines. Tremadoc Beds to Upper Silurian. Ex. 
C. stygia^ G. papilioy Ludlow Beds. 



Fig. 158. Hymenocarigvermu 
caudUf Lingula Flags, x ^ . 
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CaryocarlB (fig. 159). Carapace bivalved, pod-like, narrow 
smooth, rounded at one end, trun- 
cated at the other. Arenig Rocks. 

Ex. C, wrighti, 

Dithyrocaris. Carapacelargc, 
bivalved, with a narrow anterior 
notch, rostrum unknown. Each valve 
serai-oval, truncated behind, with a 
median longitudinal ridge; another 
ridge at the dorsal margin where the 
valves join. Surface (^ften with pits 
or granules. Exposed part of abdo- 
men short, with a narrow, sharply- 

pointed telson bearing on each side a spine-like appendage, 
vonian and Carboniferous. Ex. D, colei^ Carboniferous. 


Fig. 169. Caryocaris wrighti^ 
Arenig Rocks. Natural size. 
The abdomen has not been 
found attached to the cara- 
pace as shown above; some 
authors consider that the 
broad end of the carapace is 
anterior. 


De- 


Discinocaris. Carapace sub-circular, slightly convex, formed 
of one piece with a notch in front in which the triangular rostrum 
is placed. Surface with concentric linear ridges. Silurian. Ex. 
D. hrowniana^ Llandovery. 

Aptychopsis. Similar to the last, but carapace divided into 
two parts by a median suture which starts from the rostral notch. 
Silurian. Ex. A, lapivorthi^ Llandovery. 


Distribution of the Leptostraca 

The Leptostraca are all marine, and live mainly in 
shallow water or at moderate depths. In Britain the 
earliest representative is HymenocariSf found • in the 
Lingula Flags ; Geratiocaris appears in the Trem?wloc 
Beds, but is most abundant in the Silurian. Caryocaris 
is characteristic of the Arenig Rocks. Aptychopds and 
Discinocaris occur in the Silurian. Echinocaris is found 
in the Devonian ; and Dithyrocaris in the Carboniferous. 
One genus, Aspidocaris (similar to Discinocaris), has been 
recorded from the Trias. 
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ORDER II. SYNCARIDA 

The Syncarida are a small group of primitive Mala- 
costraca, the living representatives of which are found in 
fresh water in Tasmania and Victoria, and belong to three 
genera of which the best known is Anaspides (fig. 160). 
The body is elongated and without a carapace, and is re- 
markable for the fact that all the thoracic segments are 
distinct, but the first is fused with the head. All |Jie 
thoracic legs are similar in general character, and all, 
except the last one or two, are biramous ; their coxopodites 



Fig. 160. Anaspides tasnianice^ Recent. Tasmania, r./yr, ‘ cervical 
groove’; ii, viii, second and eighth thoracic somites; 1, 6, tirst and 
sixth abdominal somites, x 3. (From Woodward, 1908.) 


bear externally two rows of plate-like gills, but those have 
not been found in fossil specimens. The abdomen is large, 
and the first five pairs of appendages consist of long, rnany- 
jointed exopodites and small endopodites ; the appendages 
of the sixth segment form with the telson a tail-fin. 

Fossil representatives of the Syncarida, closely resem- 
bling the living-forms, are found in the Carboniferous and 
Permian deposits; the genera Palceocaris (= PrcBanas- 
pides) and Acanthotelson occur in the former, and Uronectea 
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(= Gampsonyx) in the latter. The principal feature in 
which Palwocaris differs from the living Anaspides is in 
the short, wedge-shaped first thoracic segment which is 
bounded in front by a groove. 

ORDER IIL rERACARIDA 

The Peracarida are Crustacea in which a carapace may 
or may not be present, but when ])rcsent it leaves not less 
than four of the thoracic segments free. The first thoracic 
segment is always fuscid with the head. The eyes may 
be either stalked or sessile. In the female a brood-pouch, 
for the protection of the eggs and the young, is formed by 
overlapping plates known as oostegites which are attached 
to the basal part (coxopodite) of some or all of the thoracic 
limbs. The Peracarida are divided into (1) Mysidacea, 
(2) Cumacca, (3) Tanaidacca, (4) Isopoda, (5) Amphipoda. 
Of these sub-orders the Cumacca and Tanaidacea are not 
known as fossils. 


SUB-ORDER I. MYSIDACEA 

A carapace is pi-esent and covers th(^ greater part of 
the thorax, but does not coalesce dorsally with more than 
three; of the thoracic segments, so that at least five seg- 
ments remain free. The eyes, when present, are stalked. 
The thoracic limbs, except sometimes the first and second 
pairs, are biramous, the exopodites being used in swim- 
ming ; the first and second pairs of these limbs are modified 
as maxillipedes. A tail-fin is formed by the lamellar 
appendages of the last abdominal segment. 

Living Mysidacea, with a few exceptions, are marine, 
and many of them are pelagic. The fossil forms which 
have been referred to this group are found mainly in the 
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Carboniferous rocks, especially in the south of Scotland 
where they are sometimes numerous ; the principal genera 
are Pygocephalus, Anthrapalwmon, Pseudogalathea, Grange 
opsisy and Tealliocaris. .Schimperellay from the Trias, 
probably belongs to the Mysidacea, but no representatives 
of the group have yet been found in later deposits. The 
only fossil form in which the brood-pouch has been dis- 
covered is Pygocephahis. In the Upper Devonian Palwo- 
pakvmon is found, and may belong to this group. 


SUB-ORDER IV. ISOPODA 



Fig. .161. Archcconis- 
cm lyrodieiy from 
the Purbeck Beds. 
Slightly reduced. 


In the Isopods (fig. 161) the body is usually flattened 
dorso-ventrally. There is no carapace, 
but the first thoracic segment (occa- 
sionally also the second) is fused with 
the head. The eyes are sessile. The 
thoracic appendages are without exo- 
podites ; the first pair are maxillipedes, 
the other seven are walking legs and 
are sometimes similar in size and form 
— hence the name Isopoda. The ab- 
domen is often short, and usually some or all of its seg- 
ments are fused together and with the telson. Some of 
the abdominal appendages function as gills. 

Many Isopods are marine, but some are found in fresh 
water, whilst a few live on lahd {e.g, the wood-louse, 
Oniscus asellus). Many forms are parasitic, and infest 
fish and Crustacea. 

Fossil Isopods are rare. Some Palaeozoic forms (such 
as Oxyuropoda and Prwarcturus from the Old Red Sand- 
stone) have been referred to this group, but their system- 
atic position is doubtful. Undoubted examples of this 
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Order are found in Jurassic and later formations: Oyclo- 
sphceroma in the Great Oolite and Purbeckian ; Urda from 
the Solenhofen Limestone ; Archceoniscus (fig. 161) in 
the Purbeckian; Palcega in the Middle Jurassic, the 
Cambridge Greensand, the Lower Chalk, and foreign 
Tertiary ; and Eosphceroma in the Oligocene of the Isle of 
Wight. 


SUB-ORDER V. AMPHIPODA 

The Amphipoda (e.g. Qammarus, Talitrus) are usually 
of small size, and generally the body is compressed from 
side to side. Just as in the Isopods, there is no carapace, 
and the first thoracic segment (sometimes also the second) 
fuses with the head. The thoracic appendages have no 
cxopodites ; the first pair are maxillipedes ; the appendages 
of the seven free segments bear the gills, and are divisible 
into an anterior group of four in which the terminal parts 
of the legs arc directed backwards, and a posterior group 
of three in which the terminal parts are directed forward. 
The abdomen is usually elongated and carries six pairs of 
appendages; the three anterior serve for swimming, the 
three posterior for jumping. The eyes are sessile. 

Some of the Ainphipods are marine, others live in 
fresh water. The marine forms have a wide distribution, 
and are very numerous, especially in shallow water, and in 
Arctic and Antarctic seas. 

Fossil Amphipods are very rare. A few Arthropods 
from PalsBozoic formations have been referred to this group, 
but their systematic position is uncertain. Undoubted 
Amphipods are found in the Tertiary formations and 
belong mainly to genera which are still existing (e,g, 0am- 
mams from the Miocene). 
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ORDER IV. EUCARIDA 

The carapace fuses dorsally with all the thoracic 
segments. The eyes are stalked. There is no brood-pouch. 
The Eucarida are divided into two sub-orders (1) the 
Euphausiacea, (2) the Decajx)da. The first is not known 
fossil. 


SUB-ORDER II. DECAPODA 

The Decapoda include lobsters (fig. 162), cray-fishes, 
crabs, etc. The carapace {a — c) is large and well developed, 
and covers all the segments of the thorax (6 — c); frequently 



Fig. 162. Glyphea rcglcyana^ Oxfordian, a, rostrum; a — c, cephalo- 
thorax; cervical sulcus; c — <?, abdomen; d, sixth abdominal seg- 
ment; e, telson; /, appendage (uropod) of sixth abdominal segment; 
7 , eye; h — o, appendages of cephalothorax ; ft— o, ambulatory limbs. 

x:i. 

it is marked out into an anterior and a posterior portion 
by a transverse groove, — the cervical sulcus (6). The 
carapace is often produced in front into a rostrum (a). 
The gills are connected with the bases of the thoracic 
appendages and to the lateral walls of the thoracic seg- 
ments, and are placed in a chamber on each side of the 
thorax formed by the downward prolongation of the cara- 
pace. The appendages on the head are (1) antennules, 
(2) antennas, (3) mandibles, (4, 5) maxillae ; the last three 
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pairs serve as jaws. On the thorax the first three pairs 
of limbs are modified as maxillipedes ; the posterior five 
pairs {k — o) are the ambulatory limbs, which, in most cases, 
are uniramous owing to the absence of the exopodite; they 
consist of seven joints, and, commonly, some of them termi- 
nate in pincers or chelm. The name ' Decapoda ’ is taken 
from these five pairs of ambulatory legs. The abdomen 
bears six, or fewer, pairs of appendages ; the last pair (/) 
are ofttui flattened and form with the telson {e) a tail fin. 
The eyes are compound and stalked. Most of the Decapod 
Crustacea are marine, the larger number living in shallow 
water; but some gi'oups arc found in fresh water, and others 
(some of the Anomura and Brachyura) have become ter- 
restial in habit. The earliest undoubted representations 
of the Decapoda are formed in the Trias. 

The Decapoda may be divided into two sections: — 
(1) the Natan tia, (2) the Reptantia. 

Section 1. Natantia 

The body is usually com})ressed laterally, and a rostrum, 
which is usually compressed and serrated, is present. The 
thoracic legs ai-e slender, but one of the first three pairs 
may be enlarged, and exopodites arti sometimes present. 
The first segment of the abdomen is not much smaller than 
the others ; the abdominal appendages are well-developed 
and used for swimming. 

The Natantia are found first in the Trias, and become 
more abundant in the Jurassic; a few forms have been 
found in later deposits. Some of the Jurassic representa- 
tives of the group agree closely with the recent genus 
Penwus. jEgei' appears to be a primitive type of the group 
to which the living form Stenopus belongs. 
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JEiger. Body laterally compressed. Abdomen long. Rostrum 
long, with small tubercles. Antennules nearly as stout, but not so 
long as the antennae. Last maxillipedes long. First three pairs of 
legs with chelae, the third pair longer than the others ; the fourth 
and fifth pairs slender and flattened, without chelae. Trias and 
J urassic. Ex. tipulanus^ Solenhofen Limestone (Upper J urassic). 

Section 2. Reptantia, 

The body is generally depressed ; the rostrum is often 
absent, but when present is small and depressed. The 
thoracic legs ai*e stout and without exopod ites ; the first 
pair are usually much larger than the others. The first 
segment of the abdomen is smaller than the (others, and 
the first five abdominal logs ai-e small and not used for 
swimming. This section appc^ars first in the Trias, and is 
divided into four groups, (1 ) the Palinura, (2) th(j Astacura, 
(3) the Anomura, (4) the Brachyura. 

1. Palinura. 

The carapace is fused at the sides with the epistome 
(the region between the front of the mouth and the anterior 
margin of the carapace). The abdomen is large, well-plated, 
with well-developed pleura and a broad tail -fin (macrurous). 
The exopodites of the last pair of abdominal appendages 
are not usually divided by a distinct suture. 

EryoUj found mainly in the Jurassic, lived in shallow 
water and possessed eyes; whereas the living forms 
{PolycheleSy etc.) allied to it are blind and are found in 
deep water. Another group is represented by Glyphea 
and its allies, in which the thoracic legs are either not 
chelate or only imperfectly chelate; of this group Pemphix is 
found in the Trias; Glyphea, Pseudoglyphea and Mecochirus 
in the Jurassic; Meyeria and Glyphea in the Cretaceous. 
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XSryon (fig. 163). Cephalothorax flattened, usually broader than 
long, with a median dorsal ridge on the posterior part ; the lateral 
margins usually dentate, and at the anterior third are two deep 
notches. Cervical sulcus sometimes absent. Rostrum short. The 



Fig. 163. Eryon arctiformis, Solenhofen Limestone (Upper Jurassic). 

(From Nicholson.) Natural size. 

first four pairs of legs bear chelm, the anterior pair being larger than 
the others. Abdomen of about the same length as the cephalothorax ; 
the first segment very short. Telson trigonal. Trias to Lower Ci'e- 
taceous. Ex. E, prophiquua, Solenhofen Limestone. 

Glyphea (fig. 162). Cephalothorax ornamented with granules, 
with a median dorsal suture ; rostrum short. In front of the deep 
cervical sulcus are several spiny or tuberculate parallel ridges which 
extend towards the anterior margin. Posterior to the cervical sulcus 
are two oblique grooves which meet on the dorsal surface and bound 
a triangular lobe. The anterior pair of legs are much longer than 
the others ; all are without chelm. Abdomen long. Trias to Cre- 
taceous. Ex. O. regleyana^ Oxfordian ; O, roatrcUa^ Corallian. 
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Mecochlrus (fig. 164). Carapace thin; rostrum short. Cervical 
sulcus deep, extending obliquely forward from the dorsal line. An- 
tennae as long or longer than the entire body. Legs not chelate ; the 
first pair greatly elonga ted. J urassic. Ex. AT. loiigimanm^ Solenhofen 
Limestone. 



Fig. 164. Mecochinis longimanus^ Solenhofen Limestone (Upper 
Jurassic). (From Nicholson, after Oppel.) xj. 


Meyexia. Cephalothorax laterally compressed, with a sharp 
rostrum, and a deej) V-shaped cervical sulcus; with’ sharp, serrate, 
longitudinal ridges on the dorsal surface ; the sides of the carapace 
coveml with sharp granules. Behind the cervical sulcus is a faintly- 
marked oblique furrow on the sides of the carapace. Ambulatory 
legs slender. Abdomen semi-cylindricfil, longer than the cophalo- 
thorax, and ornamented with rows of granules. Lower Cretaceous. 
Ex. M. ornatay M, magna. 


2 . AsUimra 

This includes the true lobsters and crayfishes. The 
carapace is not fused with the epistome. The abdomen 
is macrurous as in the Palinura. The exopodites of the 
last abdominal appendages are divided hf a suture. The 
first three pairs of thoracic legs are chelate, the first pair 
being much enlarged. 
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The Astacura appear first in the Trias (Glytiopsis), 
The principal Jurassic form is Eryma. Enoploclytia and 
Hoploparia occur in the Cretaceous ; the latter, which 
closely reseihbles the living lobster (Homarus), is also found 
in the Eocene. 

BiyoOLA* Body cylindrical. Cephalothorax covered with 
gi*anules, with a median dorsal snture, a deep cervical sulcus, and a 
pointed rostrum. Behind the cervical sulcus are two nearly parallel 
grooves which unite at the sides. The throe anterior pairs of legs 
with cholaj, the first pair being very large, the others small. Telson 
undivided. Lias to Upper Jurassic. Ex. E. leptodactylina, Soleri- 
hofeii Limestone ; E. eleyam^ Great Oolite, etc. 

Einoplocl3rtia. l^ody large, long, narrow ; surface roughened 
with granules and tul>er(;les. Gephalothorax elevated, narrowing in 
front, with a long dentate rostrum. Behind the deep cervical sulcus 
are one or two nearly parallel furrows, from which lab'.ral branches 
l}ass to the cervical sulcus. First pair of legs very strong, with largo 
cholas having teeth on the inside of the fixed part ; second and third 
pairs of legs slender, also with cheloo. Telson largo, subtrigonal. 
Uppei’ Cretaceous. Ex. E, lemhi^ Chalk. 

Hoploparia. Body elongfite, slightly compressed laterally. 
Carapace covered with fine granules. Rostrum very narrow, long, 
sharp and not dentate. Cervical sulcus deep, not reaching the 
margins of the caraimce ; in front of the cervical sulcus is a X-shaped 
groove. The two anterior pairs of legs very long, provided with large 
chelae. Abdomen sub-cylindrical. Lower Cretaceous to Eocene. 
Ex. H. longimana^ Lower Greensand. 

3. Anomura 

The abdomen is generally soft or bent upon itself ; its 
pleura are small or absent, and the tail-fin is often reduced. 
This group includes, amongst other forms, the hermit-crabs; 
it has but few fossil representatives, the principal genus 
being Gallianassa which ranges from the Upper Jurassic 
to the present day. 
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4. Brachyura 

This group includes the crabs. The abdomen is short 
and small ; it is bent up underneath the thorax, and bears 
from one to four pairs of appendages, but is without a tail 
fin. The cephalothorax is broad. The carapace is fused 
with the epistorne at the sides and usually gilso in front. 
The first thoracic legs are always chelate. 

The first undoubted examples of the Brachyura are 
found in the Jurassic rocks, but only two or three genera 
are represented, of which Prosopon appears first in the 
Inferior Oolite and survives until the Lower Cretaceous, 
whilst Protocarcinus (= Pakmnachiis) is found only in the 
Forest Marble ; these early fonns are allied to the most 
primitive group of living crabs (the Homolodrorniida)), and 
also show characters which connect them with the lobsters 
(Astacura). In the Cretaceous the Brachyura become 
more abundant and arc represented by Pakeocorystes, 
Euco7'i/stes, Necrocarcinus and scjveral other genera. In 
the Eocene numerous forms oQ^cwYyXanthopsis and Drovda 
being common. The Brachyura attain their maximum at 
the present day. 

Dromia. (.Virapaco oval or rounded, voiy convex, with the 
entire surface punctate ; anterior part with pointed . elevations, 
posterior third with irregular ridges; divided into regions by two 
transverse grooves. Ilostriun short, triangular. Orbital notches (in 
which the eyes rest) are very deep. First pair of legs .strong, with 
large chelas ; second and third pairs sliort ; fourth and fifth slender. 
Abdomen of six segments and a telson in both sexes. Eocene to 
present day. Ex. D. lamarcJci^ London C^lay. 

PalSBOCOrystes. Carapace much longer than broad, tapering 
posteriorly, anterior border not dentate; rostrum shoH. Orbital 
notches large with two small fissures. Cervical sulcus well defined. 
The five anterior segments of the abdomen short, the sixth quad- 
rangular. Gault and Eocene. Ex. P, atokesi^ Gault. 


w. p. 


23 
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IBucorystes. Carapace trapezoidal; anterior part with tor- 
tuous, band-like elevations ; posterior part smooth or finely granular. 
Cambridge Greensand. Ex. E. carteri. 


Necrocarcinus. Carapace rounded, separated into regions 
by distinct grooves, ornamented with a few prominent tubercles. Ros- 


trum triangular. Orbital notches 
rounded, open above, with two small 
fissures. Gault to Chalk. Ex. N. 
hechei ^ . C^ambridge Greensiuid. 

Xanthopsia . Cara] >ace round- 
ed, convex, surface puncbite, the 
posterior portion with rounded ele- 
vations; the frontal border with 
four, and the anterior laterals with 
one to three, tooth-like processes. 
Orbital notches deep, without fis- 
sures. Chela) unequal. Abdomen 
of the male naiTow and formed of 
four segments and a telson. Ab- 
domen of female broad, compo.sed 
of six segments and a telson. 
Eocene. Ex. X. London (/Jay. 

ORDER V. HOPLOCARIDA 

This inclu(ies one sub- 
order only. 



Fig. 165. SquillamantUf 'Recent. 
(From Nicholson.) x J. 


SUB-ORDER. STOMATOPODA 

In the StoniatoiX)ds (fig. 165) the body is long, and 
flattened dorso- ventral ly ; the carapace is short and does 
not cover the four posterior thoracic segments. At the 
front of the head there are two, small, movable segments 
which are not covered by the carapace; the first bears 
the stalked eyes, the second bears the antennules. A 
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rostral plate is articulated to the front of the cephalo- 
thoracic shield. The -five anterior pairs of thoracic 
appendages have no exopodites and arc directed forwards 
as maxillipedes; the three posterior jxiirs are slender 
biramous legs and are directed downwards. The abdomen 
is much larger than the anterior portion of the body ; its 
five anterior appendages bear gills, and the sixth pair form 
with the broad telson a strong tail fin. 

Squilla (fig. 165) is the best known genus of this sub- 
order. All the forms are marine and live in shallow water. 
The Stomatopods are very rare as fossils. A few Crustacea 
found in the Carboniferous have been referred to this group; 
but no undoubted representatives are known of earlier date 
than the Upper Jurassic. The genus Sculda occurs in the 
Solenhofen Limestone, and Squilla has been found in the 
Chalk of Lebanon and in some of the Eocene formations 
(London Clay^ etc.). 


CLASS III. MYRIAPODA 

The Myriapoda include the millipedes, centipedes, and 
allied forms. The body consists of a distinctly-marked 
head, followed by segments which are usually numerous 
and similar in form, so that, externally, the limits of the 
thorax and abdomen cannot be defined. The head bears 
one pair of antennae; and also mandibles and maxillse. 
The segments behind the head (except the last) bear in 
some cases one, in others two, pairs of legs each ; in the 
latter the segments are really double. The Myriapods 
breathe by means of tracheae. Fossil representatives of this 
class are rare. 

The two principal Orders are (1) the Biplopoda, (5r 

23—2 
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millipedes, in which the body is usually more or less 
cylindrical, and each double sergrnent bears two pairs 
of logs. Representatives of some of the living families 
occur in the amber found in the Oligocene Beds of Prussia 
and in other Tertiary deposits, Julns being found as far 
back as the Eocene. 

The Palaeozoic genera differ from the later repre- 
sentatives of the group and are regarded as constituting 
two extinct groups which are confined to the Palaeozoic 
formations. The earliest examples are found in the Upper 
Silurian of Lanarkshire and belong to the gGi\m Arch/ides- 
mus. In the Old Red Sandstone of Scotland Kampecaris 
and Arxhidesrniis occur. A larger number of forms {Xylohius, 
Etiphoberia, Anthracodesnms) are found in the Carboni- 
ferous and Permian rocks. 

(2) The Ghilopoda or centipedes. The body is flattened 
dorso-ventrally, and each segment bears a single pair of 
legs. The earliest forms occur in the Coal Measures, and 
modern families are represented in the Oligocene amber 
and in some other Tertiary deposits. 


CLASS IV. INSKCTA 

The body of an insect can be separated into head, 
thorax, and abdomen. The head is formed of fused * 
segments; it bears four pairs of appendages — one pair 
of antenna3, one of mandibles, and two of rnaxillse. In 
the thorax there are three segments, each bearing one 
pair of legs ; the second and thiid segments usually carry 
a pair of wings on their dorsal surfaces. The abdomen is 
composed of several (commonly ten) segments, and is 
usually without appendages. Insects breathe by means 
of tracheae. 
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No undoubted Insects are at present known from the 
Devonian or earlier formations. But in the Coal Measures 
and in the Permian the group is represented by a con- 
siderable variety of forms. Remains of insecfs have been 
found at many horizons in the Mesozoic and Cainozoic 
formations; in England they are not uncommon in the 
Lias, the Stonesfield Slate, the Purbeck, the Wealden, 
and the Bembridge Beds. They are well represented in 
tke Solenhofeii Limestone (TTpptir Jurassic) of Bavaria, in 
the Miocene of Oen ingen in Switzerland and of Florissant 
in Colorado, and in the ambea* from the Oligocene Beds 
of Prussia. 

Th(^ Insects found in the Palaeozoic formations appear 
to be more genei’alised than the later forms, and the 
majority are referred by Handlirsch to Orders distinct 
from those found in Mesozoic and later periods. 

The Insecta include an enormous number of forms, 
and the specimens found fossil are often imperfectly pre- 
served, so that nothing more than a brief sketch of the 
distribution of the chief groups can be attempted here. 

Apterygota. The fossil examples of this gr’oup (which 
contains small wingless insects) are found mainly in amber 
from the Oligocene of Prussia, and include several species 
of Lepisma (the silver- fish) and Machilis, 

The Palwodicti/optera are confined to the Carboniferous 
and Permian, and show primitive and generalised charac- 
ters ; they are believed to be the ancestors of the other 
groups of winged insects. 

Orthoptera, The Forficulidae (earwigs) appear first in 
the Eocene, and examples have been found in the Oligocene 
amber and in the Miocene, but they are not common. In 
the Coal Measures and Permian the cockroaches (BlattidsE)) 
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are well represented, and the group is fairly common in the 
Jurassic; the Tertiary forms occur mainly in the Oligocene 
amber and are all modern types. The^Mantidae ('sooth- 
sayers’) are 'found in the Oligocene, and forerunners of this 
group occur in the Permian and Lias; the Phasmidae (leaf 
and stick insects) are present in the Upper Jurassic and 
Tertiary deposits. The Locustidae (locusts) are represented 
in the Lias, in the Upper Jurassic of Solenhofen, and in 
the Miocene of Oeningen'and Florissant. The Qryllidie 
(crickets) occur in the Jurassic, the Eocene, the Oligocene 
amber, and in the Miocene. Orthopterous insects are found 
in the Coal Measures and the Permian, but since they show 
characters which connect them with both the Palacodictyo- 
ptera and the true Orthoptera they are regarded as con- 
stituting a separate group — the Protorthoptera. 

The Isoptera or Termitidae (white ants) have been found 
in the Eocene, Oligocene and Miocene. 

The Ephemeroptera (Ephemeridse), known as may-flies, 
are represented in the Permian, the Jurassic, the Oligocene 
amber and in the Miocene of Colorado. 

The Paraneuroptet'a or Odonata (dragon-flies) occur 
first in the Lower Lias, and are also found in the Stonesfield 
Slate and the Solenhofen Limestone ; in the Eocene and 
Miocene more advanced types predominate. Forerunners 
of the dragon-flies (Protodonata) are present in the Coal 
Measures, the Permian and the Trias, and appear to be 
intermediate in character between the true dragon-flies 
and the extinct Paljeodictyoptera. 

Hemiptera. Insects allied to the Hemiptera, but more 
generalised in character, are found in the Permian. Forms 
which can be definitely assigned to this Order appear in 
the Lias ; whilst in the Tertiary deposits most of the 
modern families are represented. Examples of the Aphidse 
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(plant lice) are coininon in the Eocene, Oligocene and 
Miocene. Fulgorida^ are found in the Lias, the Purbeck 
Beds and in the Tertiary. Notonectidae (water-boatmen) 
appear in the Upper Jurassic, and also oicur in the 
Oligocene and Miocene. 

NeMvoptera (lace-wing flies, etc.) are found first in the 
Lias and are also represented in the Upper Jurassic. 
Examples belonging to modern families occur in Tertiary 
deposits. 

Trichoptera (caddis-flies) are represented by primitive 
types in the Lias and Purbeck Beds. Genera belonging to 
modern groups are found in the Eocene of Wyoming, the 
Oligocene amber, and in the Miocene of Colorado. 

Lepidoptera. Butterflies and moths are very rare as 
fossils. A few occur in the Middle and Upper Jurassic 
rocks, e.g, Palwontina oolitica from the Stonesfield Slate. 
The Order is better represented, although still uncommon, 
in the Tertiary Beds; examples have been found in the 
Oligocene of the Isle of Wight, the Oligocene amber of the 
Baltic, and in tlie Miocene of Colorado. 

The Goleoptera (beetles) first appear in the Trias; 
they are more numerous in the Upper Jurassic, and are 
well represented in some of the Tertiary Beds. Examples 
have been found in the Lias, the Stonesfield Slate, the 
Solenhofen Limestone, the Purbeck Btids, the Lower Chalk 
of Bohemia, the Oligocene amber, and in the Miocene of 
Oeningen and Colorado. 

The Dipterd include flies, fleas, gnats, and mosquitoes. 
A few forms are found in the Lias, the Solenhofen Lime- 
stone, and the Purbeck Beds ; the Order is represented in 
Tertiary deposits by numerous forms belonging to modern 
families. 

The Hymenoptera include ants, bees, wasps, saw-flies. 
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etc. The earliest examples are found in the Junissic 
(Solenhofen Limestone and Purbeck beds), and the Order 
shows a considerable development in the Cretaceous. A 
large numbfer of forms are met with in the Tertiary, where 
most of the important modern families are represented. 
Ants, wasps and bees are common in the Miocene of 
Colorado; saw-flies in the Oligocene amber, etc. Hymeno- 
ptera have been found in the Oligocene of the Isle 
of Wight. 


CLASS V. ARACHNIDA 

Scorpions (fig. 172), spiders, and mites are common 
forms of the Arachnida. In the members of this Class the 
anterior segments of the body are fused together, forming 
a prosoma or cephalothorax which is covered by a carapace. 
This region usually bears six pairs of appendages, of which 
one pair is in front of the mouth. Antenme are absent, 
and no pair of appendages is modified to serve exclusively 
as jaws. The first and second pairs, known as chelicerco 
and pedipalpi, serve partly as jaws ; the four remaining 
pairs are long limbs, placed near the mouth, and used for 
locomotion and to some extent as jaws. The abdomen 
may or may not be segmented ; in some groups it is 
divided into an anterior and a posterior region {rmesosoma 
and metasoma), each of which consists typically of six 
segments. The first segment of the mesosoma bears the 
genital pore. The metasoma bears no appendages, and 
those on the mesosoma are never in the form of locomotory 
limbs, but are connected with respiration ; in the primitive 
aquatic arachnids they are plate-like and bear lamellar 
gills; in the terrestrial forms the gills are replaced by 
lung-books or by tracheae. 
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The Arachnida are divided into two sub-classes: — 
(1) Merostomata, (2) Euarachnida. 


SUB-CLASS I. MEROSTOMATA 

The Merostomata are aquatic Arachnids which breathe 
by means of gills borne on the plate-like appendages of 
the rnesosoma. There are two Orders: — (1) Xiphosura, 
(2) Eurypterida. 


ORDER I. XIPHOSURA 

The only living representative of the Xiphosura is the 
king-crab, Limulus (figs. IGO, 167), found on the eastern 



Fig. 166, Limulus polyphemus^ Recent. Ventral surface. A, oephalo- 
thorax or prosoma ; B, abdomen ; 0, portion of the tail-spine. 
1 — 6, appendages of the prosoma ; 1, chelicera ; 2 — 6, ambula- 
tory legs — ^behind the mouth are the small chilaria ; 7—12, append- 
ages of the abdomen; 7, operculum; 8—12, lamellar appendages 
bearing gills ; w, mouth. Reduced. 
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shores of North America and Asia, and in the Malay 
Archipelago and the Indian Ocean. The body of Limulus 
is covered by a chitinous exoskeleton, and consists of a 
prosorna or* cephalo thorax (figs. 166, A; 167, 1) and an 



Fig. 167. Limulus polyphemus^ Becent. Dorsal view. 1, carapace 
covering prosoma (cephalothorax) ; 2, abdominal shield ; B, tail- 
spine ; 4, median eye; 5, lateral eye. (From Shipley and MacBride.) 
xi. • 
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abdomen (figs. 166, B; 167, 2), formed of the mesosoma and 
metasoma fused together. At the end of the abdomen is 
a long, movable tail-spine (fig. 167, 3). 

The prosoma is covered dorsally by a largb crescentic 
or nearly semicircular carapace (fig. 167, l), which is very 
convex above and carries on its upper surface two pairs 
of eyes, one compound and lateral (6), the other simple and 
median ( 4 ). The large compound eyes are near the middle 
of the lateral parfcs of the carapace ; the small simple eyes 
are close together in the middle line, near the anterior 
margin. The abdomen is more or less hexagonal in outlines 
and is movably articulated with the prosoma; both have 
two longitudinal furrows on the dorsal surface, dividing a 
narrow axial parb from a broad lateral portion on each side, 
thus giving a superficial resemblance to a Trilobite. The 
mesosoma forms the main part of the abdomen and is 
composed of six fused segments, the segmentation being 
shown by grooves on the dorsal surface, and by the six 
movable spines borne on each side. The small posterior 
part of the abdomen without grooves represents the 
metasoma. 

The prosoma carries six pairs of appendages concealed 
in the concavity of its under surface ; the anterior pair 
(fig. 166, l)^ (chelicerce) only are in front of the mouth and 
are small, three-jointed appendages with chelsc. The other 
five pairs (2 — 6) are the long, six-jointed walking-legs and 
are placed at the sides of and just behind the mouth; most 
of them (except the last pair) end in cheLne, and their basal 
joints (except in the sixth pair) are spinose and function 
in mastication. Behind the mouth are a pair of small 
unjointed processes, the chilaria, which represent a seventh 
pair of appendages. The abdomen carries six pairs of 
plate-like appendages; the anterior pair are united, forming 
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what is known as t\\(i genital operculum (7), on the posterior 
surface of which are the genital openings. The operculum 
covers the remaining five pairs of appendages, which are 
not united in the middle, and bear on their posterior faces 
the leaf-like gills, of which there may be from 150 to 200 
on each appendage superposed like the leaves in a book. 

From the account given above it will be seen that 
Jjimulus resembles the scorpions in several respects. In 
both, the prosoma consists of at least six fused segments, 
covered dorsal ly by a carapace which b(;ars a pair of median 
eyes and a pair* of compound eyes. The mesosoma of 
Limuhis differs from that of the scorpions in having the 
segments fiised, and the metasoma of the former is much 
reduced; but in both there is a tail-spine behind the anus. 
The prosoma bears six pairs of appendages which, in both 
cases, are similar in form and position. On the mesosoma 
the genital operculum forms the first pair of appendages ; 
the second pair are the pectines of the scorpions, and the 
first pair of plates which bear gills in Limidus, The next 
four segments carry lung-books in the scorpions and gill- 
books in Limulus. From these characters, and from the 
absence of antenrue, it is concluded that Limulus is allied 
to the Scorpionida rather than to the Crustacea as was 
formerly supposed. The differences between the mesosoma 
and metasoma of Limulus and the scorpions are, to some 
extent, bridged over by some of the Palaeozoic Xiphosura 
described below. 

Limulus appears first in the Trias ; it has been found 
in the Middle Jurassic of Northampton, and is common in 
the Upper Jurassic of Solenhofen in Bavaria, and is also 
represented in the Upper Cretaceous and the Oligocene. 
In the Palaeozoic deposits — from Silurian to Permian — 
several other Xiphosura occur; most of these differ from 
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Limulm in having some or all of the abdominal segments 
free, and in some cases the abdomen is clearly sepamble 
into mesosoma and metasoma 
(fig. 168 ). In these respects the 
Palaeozoic Xiphosura approach 
both the Eurypterida and the 
Scorpionida more nearly than 
docs Liviulua, In most of the 
Palaeozoic specimens the append- 
ages are not preserved. The 

examples found in the (^oal Fig. 16 ^. llcmiaspu Hmu- 
^ 1 1 1* 1 to fYW's, from the Lower 

Measures may perhaps have lived Ludlow Reds, x .J. 

in fresh water. 

BelinurUS. Form similar to Limuhis. Prosoma semicircular, 
with a flat border and long spines from the posterior angles ; median 
j)art raised, with compound eyes at the sides and median eyes at 
the front. Mesosoma of five free segments, with the lateral parts 
produced into spines. Metasoma small, formed of three fused seg- 
ments with a long tail-spiiie. Upper Old Red Sandstone and Coal 
Measures. Ex. li. retfiiue. 

Euprodps PraatwieJn’a). Prosoma similar to Bdinurm. 
Abdominal segments (proliably seven) fused, with a flat marginal 
l)art produced into spines, and a short tail-si)ine. (N)al Measures, 
Recorded from the Upper Devonian of Pennsylvania and Permian of 
Kansas. Ex. E. (’oal Measures. 

Hemiaspis (fig. Iflfl). Prosoma semicircular, with spines at 
the external margin and angles ; central part raised. Mesosoma of 
six broad, short, free segments, with the axial part i*aised ; metasoma 
much narrower, of three segments and a pointed tail-spine. Silurian. 
Ex. H, limnloides. 

Bunodes. Similar to Hemiaspis, Prosoma without spines. 
Mesosoma with broad axial part. Metasoma of three or four seg- 
ments, wdth a long tail-spine. Silurian. Ex. B. lunula. 

Neolimulus. Prosoma very broad, rounded in front, with 
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spinose angles ; with median eyes and compound lateral eyes. Ab- 
domen with eight or more free segments, with the axial part tapering 
rapidly backwards. Silurian. Ex. N'. falcatus. 

Distribution of the Xiphos^ura 

Fossil Xiphosura are rare, except in the Solenhofcn 
Limestone (Upper Jurassic). The earliest form which 
seems likely to belong to the Xiphosura is Aglaspis from 
the Cambrian of Wisconsin. The chief genera are : 

Silurian. J/omianpia, NeoUmnlus^ Bunodes, Pseudoniscus. 

Devonian. Belintiruff, Piotolimulus. 

CarboniferouH. Belinunis^ Ewproops ( = Prestwichia. ) 

Permian. PJuprodps in Kansas. 

Trias to Oligocene and Recent. Limuhis. 

ORDER II. EURYPTERIDA 

The Eurypterids are found only in the Palaeozoic rocks 
and are remarkable for the large size which they often 
attain ; one form {Pterygotm anglicus) reaches a length of 
six feet and is the largest Arthropod known. The Eury- 
pterids have a scorpion-like appearance; but, unlike the 
8COi*j)ions, they were all aquatic animals. The body is 
compressed dorso-ventrally, and is protected by a chitinous 
exoskeleton (fig. 169) which is covered with small scale- 
like markings. 

The prosoma or cephalothorax consists of the six 
anterior segments fused together, and is usually quadrate 
or semicircular in outline. The carapace, which covers 
the dorsal surface of the prosoma, bears a pair of small, 
simple eyes near its centre (fig. 169, e), and a pair of large, 
lateral eyes — one at each of the outer front margins or at 
some little distance from those margins (d). 
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Behind the prosoma come the twelve free aad movable 
segments of the abdomen; in Pt&rygotus (fig. 169) these 



Fig. 169. Dorsal surface of Pterygotm osiliemiSf from the Upper 
Silurian, Rootzikilll. c, first pair of appendages (chelicersB) ; d, com- 
pound eyes; e, simple eyes; tail -plate or 'telson*; 5', sixth pair 

of appendages of prosoma; 1 — 6, segments of the mesosoma; 
7 — 12, segments of the metasoma. Reduced. (After Schmidt.) 

segments gradually decrease in width in passing from the 
anterior to the posterior end, but in many cases (fig. 171) 
they are divisible into two groups — the anterior segments 
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being shor^ and broad, whilst the posterior are longer and 
narrower. The six anterior segments of the abdomen bear 



Fig. 170. Ventral surface of Pteri/ffotm osiliemtisy from the Upper 
Silurian, Rootzikiill. a, epistorae; 6, metastoma; c, first pair of 
appendages (chelioeraB), consisting of three joints only (not as shown 
in the figure), a long basal joint, and two shorter joints forming the 
chela; d, compound eyes; /, I, genital operculum; t/, tail-plate or 
‘telson’; 1' — 5\ second to sixth pairs of appendages; I — V, ventral 
plate-like appendages of the mesosoma; 7 — 12, segments of the 
metasoma. Reduced. (After Schmidt.) 

appendages and form the mesosoma (fig. 170, i. — v. ; fig. 
171, VII. — XII.); the six posterior segments are without 
appendages and form the metasoma (fig. 170, 7 — 12; fig. 
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171, XIII. — XVIII.), at the end of which is th# tail-plate 
or spine (g) ; this is sometimes (Eurypterus) spine-like, 
but usually in the form of an oval plate which may 
be produced into a median spine as in Slimonia, or 
divided at the end as in some species of Pterygotus, 
Each segment of the prosoma is covered by a broad, 
slightly convex dorsal shield (or tergum), and by a 
ventral cuticle (or sternum), and the tergum of each seg- 
ment overlaps the one next behind. In the metasoma 
each segment is surrounded by a continuous chitinous 
sheath. 

The mouth is on the under surface of the prosoma 
(fig. 171). In front of the mouth there is one pair of 
appendages only (l.), which end in chelte and arc usually 
small ; each consists of a basal joint (coxa) anti two others 
which form th(^ chela. The other five pairs of appendages 
(a. — VI.) are at the sides of the elongate mouth; they 
C(msisfc of from six to eight joints each, and are not 
chelat e ; they functioned in locomotion, and also in mastica- 
tion since the inner margins of the basal joints (or coxae) 
are provided with tooth-like processes ; the posterior pair 
(vi.), except in StylonurjiSj are much larger than the others 
and have a very large basal joint. Placed just behind the 
mouth, in *the median line, is an oval or heart-shaped 
plate, the metastoma (6), which covers the inner parts of 
the basiil joints of the sixth pair of appendages. The 
metastoma represents the pair of chilaria of Limulus 
(p. 363), and the presence in some cases of a notch in 
front, and a median longitudinal gi'oove on the surface, 
supports the view that the metastoma originated from a 
paired structure. Immediately in front of the mouth 
another plate, the epistoma, is found in Pterygotus (fig. 
170, a). 


w. p. 
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The Bi» segments of the mesosoma bear on the ventral 
surface five pairs of plate-like appendages (fig. 170, i. — v.; 
fig. 171, vir. — XII.), each of which overlaps the one behind 
like the tiles on a roof, and on the posterior (or inner) 
surface of which are the leaf- like gills (fig. 171, c). The 
first pair of plates form the genital operculum, and are 
divided in the middle by a median process, which often 
extends beyond the posterior margin of the operculum on 
to the next pair of appendages; the shape and size of 
the median process differ in the two sexes. The genital 
operculum covers the ventral surfaces of both the first 
and second segments of the mesosoma (fig. 171, vii., viii.). 
The segments of the metasoma (figs. 170, 7 — 12; 171, 
xiv. — xviii.) are protected by continuous chitinous rings 
and bear no appendages. 

In many respects the Eurypterids resemble the 
Scorpions. The number of segments in each of the three 
regions of the body is the same, and the two pairs of eyes 
are similar in character and position. In both Eury- 
pterids and Scorpions the prosoma bears six pairs of 
appendages, of which the first are pre-oral and chelate, 
and the remaining five agree in position and in general 
form ; but in the Eurypterids the number of joints, in the 
walking legs varies, and the basal segments of all serve as 
jaws, whereas in the Scorpions the last two pairs function 
only in locomotion ; also in the Eurypterids the last leg 
and the genital operculum are much larger relatively than 
in the Scorpions. One of the characteristic features of 
the Eurypterids is the large metastoma; this is repre- 
sented by the small sternum of the Scorpions. The 
pectines are absent in the Eurypterids, except perhaps in 
Olyptoscorpius from the Carboniferous. The lung-books 
of the Scorpions are represented by the leaf-like gills 
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of the Eurypterids, but the plate-like appendages of 
the mesosoma are absent in the Scorpions. In both 
groups the segments of the inetasoma are free and without 
appendages and at the posterior end is a tail-spine. The 
differences between the Eurypterids and recent Scorpions 
are to some extent bridged overhy PaUeophonus, a Silurian 
Scorpion (see p. 376). 

The Eurypterids agree in many respects with Limidiis, 
The principal points of difference are : — (1) only the first 
pair of appendages are chelate in Eurypterids, whereas in 
Limuhis all the walking-legs except the last, and the first 
in the male, may be chelate ; (2) the last pair of legs are 
larger in Eurypterids than in Lwiulm and their basal 
joints assist in mastication; (3) the largo, single plate 
forming the metastoma in Eurypterids is represented by 
the pair of small chilaria of Linmlus ; (4) the second seg- 
ment of the mesosoma in Eurypterids is without append- 
ages and is covered by the genital operculum ; (5) in the 
abdomen all the segments are free in Eurypterids but 
fused in LimuluSy and in the latter the metasorna is much 
reduced — these differences in the abdomen, however, are 
bridged over by the Palaeozoic Xiphosura. 

In the Cambrian, Ordovician and Silurian formations 
Eurypterids are found in marine deposits, but in the Old 
Red Sandstone they became adapted for life in brackish 
water and, in some places, in fresh water, and in the Coal 
Measures they seem to have lived in fresh water only. From 
the character of their appendages some of the Eurypterids 
appear to have been adapted for swimming, whilst others 
were better fitted for crawling. The broad flattened 
prosoma suggests that most of them were able to burrow 
in mud and sand in search of food in the same way that 
Limulua does at the present day. 


24—2 
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EiUrypterUB. Prosoma (ce- 
phalothorax) tpiadrate, the ante- 
rior angles rounded ; the compound 
eyes are a little in front of the 
median lateral point on each side. 
The tail-spine is long, narrow, and 
pointed. The pre-oral appendages 
are small and consist of a basal 
joint and a chela ; the second ap- 
pendage consists of seven joints, 
the remaining four pairs of eight 
joints; all these five pairs of ap- 
pendages are without chehe. The 
second, third and fourth pairs arc 
similar in structure atid bear 
si>ines ; the fifth pair are longer 
than the preceding and without 
spines ; and the sixth pair ar(i 
much longer and also larger, with 
a large quadrate basal joint. Tlu^ 
metastoma is oval. The ijiedian 
process of the genital operculum 
is short in the male, long in the 
female. Ordovician to Permian. 
Ex. E. fscheri, Upper Silurian. 

Stylonurus, General fonn 
similar to Pterygotus. Second, 
third, and fourth pairs of append- 
ages with spines ; the two poste- 
rior pairs very long and slender. 
Comj)ound eyes near the middle 
of the prosonia. Tail-spine long, 
pointiMi. Body sometimes nearly 
b feet long. Ui.>per Silurifin and 
Old Red Sandstone. Recorded 
from the Ordovician of New York. 
Ex. 8, powriei^ Upper Silurian 
and Old Red Sandstone. 

Pterygotus (figs. i69, no). 



Fig. 171. Slimonia, Restoration 
of the under surface by M. 
Laurie, b, metastoma; r, leaf- 
like gills seen through the ven- 
tral plate-like appendages of 
the mesosoma; g, tail-plate; 
I. — VI., appendages of the pro- 
soma; VII. — XII., segments of 
the mesosoma; XIII.— XVIII., 
segments of the metasoma; 
VII.— Vin., genital operculum. 
Reduced. 
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Prosoma rounded in front ; tho compound oyes aro at the margins. 
The tail-plate is oval and either bilobed or pointed at its extremity. 
The pre-oral appendages are long and chelate; the second, third, 
fourth and fifth pairs are similar to each other in size ajid stmcture ; 
the sixth pair long and stout. Metastoina oval. The examples of 
this genus are often of enormous size, P. anglieus sometimes reaching 
a length of fi feet. Ijower Ludlow to Old Red Sandstone. Ordo- 
vician of New York. Ex. P. ctnglic.m^ Old Red Sandstone ; P. bilo- 
hi8^ Upper Silurian. 

Slimonia (fig. 171). Prosoma quadrate ; the compound eyes 
at the anterior migles. Segments of the mesosorna broader than 
those of the metasoma. The tail-plate is oval, ending in a pointed 
process or spine. Metaatorna heart-sha])ed. The pre-oral appendages 
(chelicerse) are small ; the second pair of appendages aro slender, 
and composed of six joints ; the third, fourth, and fifth pairs have 
seven joints, and are similar in size and form; the sixth pair are 
longer and have a large retort-shaped basal joint. Upper Ludlow 
and Passage Beds. Ex. N. acuminaUty Uppermost Silurian. 

Distribution of the Enrypterida 

This Order ranges from the Cambrian to the Permian, 
but is most abundant in the Upper Silurian and the Old 
Red Sandstone. The only form known from the Cambrian 
is Strahopsy from Missouri; from the Ordovician, Enrypterm 
and Echinognathus. The chief genera in the Silurian and 
Old Red Sandstone are EurypteruSy StylomiruSy PterygotuSy 
Hughmilleriay and Slimonia ; and in the Carboniferous and 
Permian, Eurypterus. 

SUB-CLASS II. EUARACHNIDA 

The Euarachnids breathe air by means of either pul- 
monary sacs or tracheae, and the mesosorna is without plate- 
like appendages. The principal Orders are:— (1) Scor- 
pionida, (2) Pedipalpi, (3) Araneida, (4) Pseudoscorpionida, 
(5) Phalangidea, (6) Acarina. 
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ORDER I. SCORPIONIDA 

The Scorpions (fig. 172) have a long, narrow body, in 
which three regions are clearly marked. In front, the 
prosoma or cephalothorax consists of six fused segments, 
covered dorsally by a chitinous carapace which bears a 
pair of simple eyes near its centre, and a group of simple 
eyes at each of the two outer front margins. The middle 
region of the body — the mesosoma or pre-abdomen (7 — 12) 
— is formed of six free segments, which are short and 
broad ; the chitinous sheath of each segment consists of 
a dorsal plate or ter gum and a ventral plate or sternum. 
The posterior portion of the body is the metasoma or post- 
abdomen (13, 14), and is formed of six segments, each being 
encased in a cdmplete chitinous cylinder, and all, except 
the first (13), are narrow; at the end of the last segment 
is the tail-spine (16), which bears the poison glands. The 
anal opening is on the last segment. 

The prosoma bears six pairs of appendages: — (1) the 
chelicerw (fig. 172, l) are small three-jointed limbs with 
chel®, placed just in front of the mouth ; (2) the pedi- 
jialps ( 2 ) are the largest appendages and are at the sides 
of the mouth ; they consist of six joints, ending with 
chehe, and the basal joints function in mastication ; next 
come four pairs of seven-jointed walking legs (3 — 6) which » 
end in claws, instead of chelae; the basal joints of the 
third and fourth pairs assist in mastication. Between the 
bases of the last two pairs of legs, and immediately in front 
of the genital operculum, is a small plate, the sternum. 

On the seventh segment of the body (the first of the 
mesosoma) there is a small rounded plate — the genital 
operculum (fig. 172, 7). The eighth segment bears the. 
pectines (s), which are tactile organs and consist of a stem 
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with a row of short processes like the teeth of a comb. 
On segments nine to twelve, there are, in the adult, no 



16 


Fig- 172. Ventral view of an Indian Scorpion, Scorpio swamtmrdamL 
1, chelicera ; 2, pedipalp; 3, 4, 6, 6, walkingdega; 7, genital oper- 
oalnm; 8, peotines; 9, 10, 11, 12, the four right stigmata leading to 
the lung-books ; 13, first segment of metasoma ; 14, fourth segment 
of metasoma; 15, tail-spine. (From Shipley and MaoBride.) x f . 
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proper appendages; but a pair of oblique, slit-like open- 
ings — the stigmata, occur on each of these segments, and 
lead into pulmonary sacs which contain the lung-books. 
The mctasoraa (segments 13 to 18) has no appendages. 

Although this Order is of gi’oat antiquity, it has 
but few fossil representatives. 

Palwophonus (fig. 173) occurs in 
the Silurian rocks of Gothland 
and Lanarkshire; Proscorpius in 
the Silurian of North America. 

Eoscorpius, A rckcmctomus and 
Anthi'acoscorpio are found in the 
Carboniferous. IrnpcTfect speci- 
mens of scorpions have been 
obtained from the Trias of War- 
wickshire. One form (Tityus) is 
known from the Oligocene beds. 

In some of its characters 
Pahwphonus (fig. 173) is more 
primitive than later scorpions ; 
the walking legs consist of nearly 
equal-sized joints and seem to be 
without claws ; the basal joints 
of all these legs could serve to 
some (‘xtent as jaws and in this respect resemble the 
walking legs of JAimdus and still more those of the 
Eurypterida. Palofophomis, unlike later scorpions, seems 
to have been aquatic, since it is found associated with 
marine fossils, and moreover, stigmata appear to have 
been absent — probably therefore it breathed by means of 
branchial lainelLse instead of lung-books. 

Of the Carboniferous genera some (Archceoctonus, 
Anthracoscorpio) do not differ in any important respect 



Fig. 173. PaUeophoum cale- 
donicm from the Upper 
Silurian of Lesmaliago, 
LanarkHhire. Restoration 
of ventral surface by R. I. 
Pocock. X IJ. 
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from living forms and appear to have been as highly 
organised, but others (Eobuthus) show some morphological 
characters not found in living scorpions. 

ORDER II. PEDIPALPI 

The Pedipalpi (‘ whip-scorpions,* etc.) are represented 
by Geralmura and Graiophonm in the Carboniferous, and 
by Phrynus in the l'’ertiary rocks. 

ORDER III. ARANEIDA 

Spiders belonging to the genera ProtolycosUy Arthroly- 
cosdy etc., are found in the Coal Measures. In the 
Oligocene — especially in the amber of Prussia — a large 
number of forms occur. Others are found in the Eocene 
of Wyoming, and the Miocene of Florissant, Colorado. 

ORDER IV. PSEUDOSOORPIONIDA (CHERNETIDEA) 

This Order fticludes the ‘book-scorpions* (Chelifer) 
and others. Various forms, belonging to existing genera, 
occur in the Oligocene amber, e.g, Chelifer y Chernes. 

ORDER V. PHALANOIDEA (OPILIONINA) 

Examples of this Order (‘ harvest-men,* etc.) have been 
found in the Oligocene amber. A few fonns found in the 
Carboniferous may belong to this Order. 

ORDER VI. ACARINA 

This Order comprises the mites and ticks. Various 
forms of mites, belonging chiefly to living genera, occur in 
the Oligocene amber and other Tertiary deposits. 

ORDER VII. ANTHRACOMARTI 
This is an extinct Order, found in the Carboniferous, 
and appears to be related to the Pedipalpi and Phalangidea. 
The principal genera are Brachypygey AnthracomartuSy 
Kreischeria, Eophrynus, Anthracosiro, 
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Abactinal, 115 
Aboral, 115 
Abyssal region, 267 
AcaleplisD, 77 
Acanthin, 30 
Acanthocrras^ 295 
Acanthopores, 205 
Acarithotehonf 343 
Acanthoteuthis^ 304 
Acanthothyris^ 193 
Acarina, 377 
Acaste, 327 
Acephala, 213 
AcervuUma^ 92 
Acetabulum (Echinoidea), 130 
Acidaspis, 329 
Acorn shellK, 335 
Acrosalenia, 136 
Actaon^ 262 
Actinal surface, 115 
Actinaria, 80 
Actinocamax^ 300 
Actinoceras, 280 
ActinocrinuSf 151 
Actinometra^ 156 
Actinopteria^ 226 
Actimstrorm, 75 
Actinozoa, 77-110 
Ad- ambulacra! ossicles, 116, 119 
Adductor impressions, 215 
Adductor muscles, 176, 177, 213, 
333, 339 
J^ger^ 349 
JUglina, 326 
Mgoceras^ 292 
jEquipectenj 228 
Agelacrinus, 168 
Agtaophenuit 55 
AglaspiSf 366 
AgnostuSf 321 
Alar foBBula, 81, 89 
„ septum, 88 
Alaria, 257 

Aloyonaria, 98-102, 108 


Alcyonium, 98, 108 
Alcctryonia^ 229 
Alloristna, 242 
Alveolariay 208 
AlveoUmt, 24 
Alveolites, 104 
Alveopora, 102, 104 
Amaltheus, 292 
Amber, 5, 350-360, 377 
Amhcrleyay 253 
Ambitus, 128 
Amhonychia, 243 

Ambulacral area, 126-128, 162, 165, 
166 

„ groove, 115, 123, 167 

„ ossicle, 116, 119 

„ plate, 126-128, 150 

,, surface, 115 

Ambulacrum = ambulacral area 
Ammonites, 289 (footnote) 
Ammonoidea, 282, 302 
Amnigenia, 242 
AvKjRba, 17 

Amphidromus, 271 
Amphipoda, 346 
Amphipora, 76 
Amphistegina, 26 
Amphiura, 122 
Amplioracrinus, 152 
Ample XUS, 95 
Ampulla, 116 
Ampyx, 321 
Amusium, 228 
Anahacia, 109 
Altai inter-radial, 148 
„ siphon, 212 
Ananchytes, 140 
Anarcestes, 288 
Anaspides, 343 
Ancilla, 260 
Ancillaria, 200 
Ancyloceras, 295 
Angelina, 824 
Angle of divergence, 60 
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Anisopleura, 251 
Annelida, 169 
Annulus, 277 
Anodonta^ 231 
Anomia^ 228 
Anomura, 352 * 

Anostraca, 332 
Antedon, 150, 156, 157 
Antennae, 307, 316, 331, 333, 336, 
338, 310, 317, 355, 350 
Anterior canal, 248 
Anthozoa, 77-110 
A iithracodcxmuH, 356 
Antliracomarti, 377 
Anlhracomnrtuity 377 
A n t h raco my a , 23 1 
Anthracogcorpio, 370 
Anthracositf, 231 
Anthracosiro, 377 
Anthrapaheviou, 345 
Anti-ambulacral, 115 
Antipatliaria, 80 
Ants, 300 

Apex (Gasteropoda), 240 
Apliidae, 358 
Apical disc, 124 
,, surface, 115 
ApiocrinuH, 155 
Aporosa, 90, 97 
Aporrhais, 257 
Apterygota, 357 
Aptychopais, 342 
Aptychus, 2S5 
Apus, 320, 331, 332 
Apygia, 181 
Arachnida, 300 
Aragonite, 3-5, 80, 220, 249 
Araneida, 377 
Area,, 223 
ArecMes, 290 
A rc h <eoc i d/iris , 134 
Arch aoc tonus, 370 
Archiconiscus, 346 
Arclumodon, 242 
Archianellida, 169 
Archidesmus, 356 
Archimedes, 208 
Arctica, see Cyprina 
Area, 174, 217 

Arenaceous Foraminifera, 18, 

24, 28 
Areola, 130 


Argonauta, 297, 801 
Arietites, 292 
Aristocystis, 158 
Aristotle’s lantern, 132 
Arms (Asteroidea), 114, 116 
,, (Asterozoa), 113 
,, (Brachiopoda), 172, 177 
„ (Cephalopoda), 273. 290, 297, 
300, 301 

,, (Crinoidea), 146, 148 
„ (Ophiuroidea), 119 
Artemis, 237 
Arthrolycosa, 377 
Arthi’opoda, 305-377 
Arthropomata, 181 
Artlirostraca = Amphipoda + Iso- 
poda, 345-6 

Articulata, 173, 184-200 
Asaphellus, 320 
Asaphus, 325 
Ascoceras, 281 
Asiphonida, 222 
Aspidobranchia, 251 
Aspidocaris, 342 
Aspidoceras, 304 
Aspidmoma, 121 
Astacura, 351 
Astarte, 232 

Astcractmella, 39, 46, 50 
Aster ohlastus, 160 
Asteroidea, 114-118, 121 
Asterozoa, 113-122 
Asthenasoma, 129 
Astneospougia, 39, 40, 49 
Astrocivnia, 109 
Astropecten, 122 
Astrorhfza), 75 
Astylospougia, 44, 49 
Athyris, 191 
A tracti lites , 300 
Atractites, 304 
Atreniata, 182 
A try pa, 192 
Aturia, 281 
Aucella, 226 
AuJacoceras, 301 
Aulacothyris, 195 
Aiilophyiluni, 94 
Aurelia, 77 

Auricles (Echinoidea), 133 
Auriform gasteropods, 249 
Autozooids, 100 
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Auxiliary lobes, 283 
AvellanUf 262 
Aviculaj 226 
Avicularia, 203, 206 
Avicnlopecten, 229 
Axial canal, 37, 40 
„ furrow, 310 
Axillare, 150 
Axincca, 224 
Axis (Trilobita), 314 

Jiactrites, 285, 286 
Baculites, 291 
Bairdia^ 335 
Baker elliay 243 
Balanuft, 336, 337 
Barbados Earth, 32 
Barnacles, 335 
Barroisia^ 47 
Basal budding, 85 
,, epitheca, 85 
,, plates, 124, 148, 160 
Basipodite, 307 
Bdellacoma^ 122 
Bees, 360 
Beetles, 359 
Belemnitella, 300 
Belemnites , 297 
Belemnoteuthis^ 301 
BelinuruSj 365 
Bellerophon^ 252 
Belo2)tera^ 304 
JUdosepia^ 300, 303 
Benthos, 266 
Berenicea, 205 
Befjrichidf 334 
Bigeminal, 128 

Bilateral symmetry, 79, 90, 133, 
139, 209, 244, 250, 272, 273, 305 
Bilobites^ 188 
Biloculina, 22 
Biplication, 179 

Biramous appendages, 307, 316, 
338, 343, 344 
Biserial crinoids, 148 
„ graptolites, 61 
Bivalved carapace, 331, 333, 339 
„ shells, 171, 210 
Blastoidea, 160-166 
BlastoidocrinuSf 166 
Blastostyle, 55 
Blattidae, 357 


Blue coral, 100 

Body-cavity, 111, 171, 210, 306 
Body-chamber, 276 
Book-scorpions, 377 
Boring lamellibranchs, 221 
Boss, 130 • 

Bothriocidaris, 129, 143 
Botryoerhms, 152 
Bonffainvi ll ra, 54 
Bouryuetiity 271 
Bou ryuetierium^ 1 55 
Brachial plates, 148, 150 
„ skeleton, 177, 178 
Brachiole, 157, 164 
Brachiopoda, 171-200 
Brachylepaa^ 337 
Brachy me top //«, 33 1 
Brachypyye^ 377 
Brachy ura, 353 
Branciiite, 117, 132, 212, 306 
Branchial siphon, 212 
Braiichiopoda, 331 
Branchipiin^ 332 
Brittle-stars, 113 
Brontew^ 326 
Brood pouch, 344 
Bryograptm, 71 
Bryozoa, 201-208 
Buccal plate, 119 
Baccinopsh, 271 
Buccinum, 258 
Budding (corals), 84 
Bulla, 262 
Bull aria, 262 
Buvodes, 365 
Butterflies, 359 
Byssal sinus, 221 
Byssus, 212, 221 

Caddis-flies, 359 
Cadomella, 200 
Calamary, 296 
Gctlamophyllia, 109 
Calcarea, 46, 49 
Calcarindf 26 
Calceocri uuh , 156 
Calceola, 96 
CalcispongisB, 46 
Calcite, 3-5, 46, 112, 179, 220 
Calicular budding, 85 
Callavia, 323 
Cailianossa, 352 
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Calliderma, 118 
CallUta, 237 
Callograptm, 57 
CalluB, 248 
CalthropB, 43 
Calymene^ 324' 

Galyptoblastea, 55, 58, 67 
Galyptrcea, 255 
Calyx (blastoidn), 160 
,, (corals), 81 
,, (crinoids), 146, 148 
,, (cystideans), 157 
,, (edrioasteroids), 166 
Camarophoria^ HK) 

Camarot<xichi(if 193 
Cameroxjtongia^ 51 
Campmmhiriay 55 
Camptonectes, 228 
Caninia, 95 
Capitulum, 336 
CapuluSt 255 
Carabocrinus^ 165 
Carapace, 307,331, 333,338,344,347, 
361, 353, 354, 360, 363, 366, 374 
Carbonicolat 231 
Carbonisation, 6, 58 
Cardiaste.r, 141 
Cardinal fossula, 81, 89 
,, process, 177 

,, septum, 81, 88 

„ teeth, 216 
Cardinia^ 231 
CardioceraSf 294 
Cardiolat 241 
Cardioniorpha^ 241 
Cardita, 233 
Cardium, 236 
Carina, 336 
Ckiryocarh, 342 
CaBsianella, 243 
CatopyguSf 140 

Caudal fork, 318, 331, 334, 338, 340 
Cell. 17 
CelUpora, 207 
Centipedes, 355 
Central capsule, 30 
,, disc, 60 
Centrale plate, 160 
Centro-dorsal plate, 150 
Cephalic shield, 310 
Cephaliteg, 51 
Cephalograptus, 72 


Cephalopoda, 273-304 
Cephalothoracic shield, 338 
Cephalothorax, 307, 353, 360, 362, 
366, 374 
GeratiocarUy 341 
CeratiteSf 289 
Ceratosa, 42 
Geriopora, 208 
Gcrithiuntf 257 
Geromya^ 239 
Cervical sulcus, 347 
GhcnteteSf 106 
Chistopoda, 169 
Ghama^ 233 
Chaamopg, 327 
Cheeks (Trilobita), 310 
Cheilostomata, 206 
GheirtmiXf 327 
Chelae, 348, 363, 369, 374 
Chelieera, 360, 363, 374 
GMifer, 377, 

GherneSf 377 
Chernetidea, 377 
Chert, 32 
Chilaria, 363, 369 
Chilopoda, 356 
Ghirodotdy 145 

Chitin, 3, 6, 18, 54, 58, 180, 306, 
362, 366, 374 
Ghitoiif 250 
Chlamysy 228 
Ghoneies, 186 
Ghrysodomuftf 259 
Gidaristy 135 
Cilia, 17 
Cirri, 147, 172 
Oirripedia, 335 
Girms, 263 
Gladucitesy 304 
Cladooera, 332 
Gladochonus, 84 
Gladophyllia, 109 
Class, 14 
Classification, 14 
GlathrodictyoUf 76 
Glavella^ 259 
GlavilitheSf 259 
GUistoporttf 109 
Olimacograptiutf 72 
Glisiophyllumt 93 
Clistenterata, 181 
Glonograptus^ 71 
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Clymeniaf 287 
ClypeasteTj 139 
Clypeastrinay 139 
ClypeuSy 140 
ClyticpsiSy 352 
Cockroaches, 857 
CodasteVy 165 
Gcelentera, 52-110 
Coolenteron, 52, 53, 77 
Coelom, 111, 169 
C(zlonautilu8y 281 
Cceloptychiuniy 39 
CcBuenchyma, 85, 86, 101 
Canograptmy 71 
Coenosarc, 53, 55, 60, 85, 86 
CcenothyriSy 195 
Coleolusy 264 
Coleoptora, 359 
Colloid silica, 36, 37 
CoUyriteSy 140 
Columella (Corals), 82 

„ (Gasteropoda), 246 
Columnal, 147 
Common canal, 59, 61 
Communication -plates, 204 
Compound ambulacral plates, 127 
„ sponge, 36 
Concentric operculum, 248 
ConchidiurHy 190 
Conch ostraca, 332 
Conical gasteropoda, 249 
Conjugate pores, 128 
Conocardiuniy 227 
ConocephaliteSy 324 
ConoceraSf 303 
Gonocoryphe, 324 
GonorhiSy 271 
Conotheca, 299 
Continental shelf, 266 
Gonularia, 263 
Oonulwty 138 
GonuSy 261 
Convergence, 15 
Convolute gasterpods, 249 
Copepoda, 308 
Coralline zone, 267 
Corallite, 80 
Goralliuniy 99, 108 
Corallum, 80 
Corals, 77-110 
Gorbiculay 233 
Corbulay 238 


Corona, 124, 126, 129 
Gorynella, 47 
GoimoceraSy 295 
Costae, 83 

Counter fossula, 81, 89 
„ septum, 88 * 
Covering-plates, 150, 157 
Coxopodite, 307, 343, 344 
Crabs, 353 
Gran gops lit y 345 
Gr a nitty 184 
GrassatcllUy 233 
GrasstttellitPSy 233 
CrateraHtery 118 
Graticularitty 41 
Crayfish, 347, 351 
Crenulate tubercles, 130 
Grihrilintty 207 
Crickets, 358 
Crinoidea, 146-157 
GriocemSy 295 
Gruiiitty 208 
Grhtellaritty 25 
Grotalocrinusy 152 
Crustacea, 306 
Cryptostomata, 206 
Gtenodontiiy 223 
Ctenophora, 52 
Ctenostomata, 204 
Gucullcetty 224 
Cumacea, 344 
Gupressocrinuffy 156 
Cuttle-bone, 296 
Cuttle-fish, 273, 296 
Gyathaxonitty 94 
Gyathocrinusy 152 
GyttthocystiSy 168 
Gyathophyllumy 92 
GybeUy 328 
GycloUtPSy 110 
Gyclolobwty 304 
Cyclonemay 271 
Gyclophyllmiy 94 
GyclonphcBronitty 346 
Cj^clostomata, 204 
GyclothyrUy 193 
Cylindrical gasteropods, 249 
Gymaclymenitty 288 
Gypkosomtty 137 
Gypratty 258 
Gypridetty 335 
Gypridintty 335 
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Cyprina, 232 
Cypris, 335 
Cyrena^ 233 
Cyrtia^ 191 
Cyrtoceras, 281 
Gyrtoclymeniaf 288 
Cyrtodonta^ 243 
Cyrtograptm, 72 
Cystidea, 157-160 
Cystiphyllum^ 96 
Cythn'c, 334 
Cyiherea, 237 

Dactyliocerasy 293 
])actyloporeH, 74 
Daetylozooid, 55, 74 
Dtdrnonella, 189 
jyalnutnites, 327 
JJaphnifif 331 

Decai»oda (Cephalopoda), 297 
,, (Crustacea), 347 
Deep sea region, 267 
Dciphon, 327 
Deltliyrium, 175 
DeUidiulu, 175 
Deltoid plates, 162 
Demi-plates, 127 
Demospoiigio), 42-46 
DendrocrinuAy 156 
DendroyrapiuHf 57 
Dendroid corals, 85 
,, graptolites, 57 
Dendroidea, 57 
IJendrophylliat 84, 110 
Dental plates, 173 
Denialina^ 19 
Dentalium, 272 
Dermal branchiae, 117 
„ layer (sponges), 33 
Desmas, 44 
Desrnoceran, 304 
Desmodont, 217, 239, 242 
Development of graptolites, 63 
,, of corals, 83, 87 
,, of brachial skeleton, 
178 

,, of ammonoids, 284, 
286 

,, of trilobites, 318 
Devonmter^ 121 
Dcxtral gasterpods, 246 
DiadenwpsiSy 143 
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Diasteporat 208 
Dibrahchia, 296, 303 
D i bund'p liyllum, 94 
IHcellograptMS, 72 
Diceraa^ 234 
DichograptuSy 71 
DicranograptuSy 71 
Dicrolomay 257 
Dictyograptusy 58 
JJictyonemay 57, 58 
DictyophytoUy 40 
JbictyothyrU, 194 
Dicyclic crinoids, 148, 152 
l>idymoyraptuSy 70 
DieluHnuiy 194 
Dimorphism, 21 
D into rphog rapt as y 72 
Di my aria, 213, 222 
Diplogr aphis y 72 
Diplopoda, 355 
JJipIopodiay 136 
Diprionidinn=: biserial, 61 
Diptera, 359 
Disc (Asteroidea), 114 
,, (Asterozoa), 113 
,, (Ophiuroidea), 119 
iJiscimiy 183 
Disc'uiiscay 183 
DisehiocariSy 342 

Discitesy 281 
1) isci toe eras y 281 
Discoidal gasteropoda, 249 
DiscoidcUy 138 
DiscoraedusaB, 77 
Dissepiments, 82, 83, 86 
Distal end, 59 
DithyrotariSy 342 
Divaricator muscles, 176 
Dorsal cup, 148 

,, surface, 115, 214 
Dory derma y 45 
Dos ini ay 237 
Douvilleicerasy 304 
Dragon-dies, 358 
Dreissensiay 244 
Dromia, 353 
Duranuiy 235 
Dyaodont, 216, 224, 242 

Ears (Lamellibranchs), 218 
Earwigs, 357 
Ecardiues, 181 



INDEX 


399 


Echinohrimis^ 140 
Echinocnriny 342 
Eckinoco mis , 1 38 
Echinocoi'ySf 140 
Echinocyavius^ 145 
EchinocystiSf 143 
Eohinoderma, 111-168 
EchinognathuSy 373 
Echiiioidea, 123-145 
Echinospheera, 159 
Echinothurkii 129 
Echinus, 137 
Ectocyst, 202 
Ectodenn, 52, 55, 74, 123 
Ectoprocta, 204 
Edmonilia, 241 
Kdrioastcr, 167, KJH 
Edrioasteroidea, 166 
Eleuthorozoa, 1 13-14() 

E liipsocep halus, 33 1 
Enuiryinuhi, 252 
Encrinurus, 328 
Eiicrhius, 154 
EndoceniH, 303 
Endoderm, 52 
I'lndopodite, 307, 318, 343 
Endothyra , 25, 28 
Enophclytia, 362 
Entnlophovd , 205 
Entocoele, 79 
Entomis, 334 
Entomostraca, 308 
Entoprocta, 204 
Eohuthus, 377 
Eophrynus, 377 
Eoscorpius, 376 
Eosphcsroma, 346 
Ephemeridffi, 358 
Ephemeroptera, 358 
Epipodite, 318 
Epistome, 349, 369 
Epitheca, 81, 83 
Erodona, 244 
Eryvia, 352 
Eryon, 350 
Escutcheon, 215, 218 
Estheria, 332 
Euarachiiida, 373 
Eucalyptocrinus, 151 
Eucarida, 347 
Emory stes, 354 
Eudesia, 195 


Eumicrntis, 243 
Euoniphalus, 252 
Enphoheria, 356 
Enproops, 365 
Kurycare, 323 
Eurypterida, 366 
Euryptcrus, 372 
Euthynenra, 261 
Evolution, 11-14 
Excurrent canals, 35 
Exhalent canals, 35 
Exocade, 80 
Kxogyra, 230 
Kxopodite, 307, 318, 343 
Exsert sepia, 82 
Eye-line, 313 

Eyes (Cephalopoda), 274, 276, 296 
„ {Crustacea), 307,332, 334, 338, 
310, 344, 345, 316, 347, 318, 364 
,, (Knrypteiida), 366 
„ (Lamellihranchs), 213 

,, (Scorpions), 374 

„ (Trilohites), 311 

„ (Xiphosura), 363 

Fahuhirid, 21 
Facetted plenras, 314 
Facial suture, 311 
False columella, 82 
Family, 14 
Fasciculdria, 205 
Fascicle, 131 
Favosites, 103 
Feather- stars, 146 
Fenestella, 206 
Fission, 53, 84, 86 
FissurcUa, 252 
Fissurideuy 252 
Fixed brachial, 150 
„ cheek, 311 
„ lamcllibrancliB, 221 
FlabelluMy 97 
Flagellata, 17 
Flagellum, 18, 33 
Fleas, 359 

Flesh-spicules, 37, 40, 43, 44 
Flies, 359 
Flint, 7 
Floscelle, 132 

Food-groove, 146, 150, '157,162 
Foot (Cephalopoda), 274 
,, (Gasteropoda), 244, 261 
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Foot (Lamellibranchia), 210 
„ (MolluBoa), 209 
,, (Scaphopoda), 272 
Footprints, 8 
Foramen, 175 
Foraminifera, lQ-29 
Forfioulidaa, 857 
Foseilisation, 2-8 
Fossula, 81, 89 
Free cheek, 811 

Freshwater lamellihranchs, 242 

Fulcrum, 814 

FulgoridiB, 359 

Funnel, 278, 275, 277, 206 

Fusiform gasleropods, 249 

FuituUnny 26, 28 

FumSf 259 

Galerites, 138 
Galeropygus, 143 
GanmaruHt 846 
Gavipsonyx, 344 
Gaping (Lamellihranchs), 220 
Gan, 237 

'Gasteropoda, 244-271 
Gastral cavity, 33 
,, layer, 83 
Gastrioceras^ 2H9 
Gastroporcs, 74 
Gastrozooid, 55, 74 
Genal angle, 811 
,, spine, 811 

Genital operculum, 364, 870, 374 
„ plates, 124 
Genus, 14 
Geodites, 39, 48, 49 
Oeoteuthis, 808 
Gephyroceras, 303 
Geralinura, 377 
Gervillia, 225 

Gills, 182, 209, 212, 244, 250, 274, 
296, 306, 343, 345, 346, 347, 355, 
361, 364, 370 
Gusocrinm, 156 
Glabella, 310 
Gladius, 296 
Glasaia, 178 
Glauconite, 6, 37 
GlohigeHna, 26 
Globular gasterpods, 249 
Glycimeris, 224 
Glyphea, 850 


Glyphioceras, 288 
Qlyptarca, 243 
Glyptocrinw, 156 
Glyptoscorpius, 370 
Giyptogphara, 157 
Gnathobase, 318, 331 
Gnats, 359 
Gomplioceras, 280 
Gonangium, 54, 55, 63, 66 
Goniatites, 286, 288 (footnote) 
Goniocly menia, 288 
Goniomya, 240 
Goniophyllum, 97 
Goniopora, 98 
Gonocyst, 205 
Gona?cium, 205 
Gonophore, 58 
Gonotheca, 54, 55 
Gorgonia, 99, 108 
Grwophonus, 377 
Granunysia, 240 
Granatocrinua, 1 66 
Grantiu, 85, 39 
Granules, 129 
Graphularia, 108 
Graptolites, 58-73 
Graptolitoidea, 68-73 
Gresslya, 239 
Grijithides, 830 
Gromia, 19 
Gryllidee, 358 
Gipphcea, 15, 229 
Gryphochiton, 260 
Guard of Belemnlies^ 297 
Guettardia, 51 
Gymnoblastea, 54 
Gymnoltcma, 204 
Gymnomyxa, 17, 18 
Gypidula, 190 

Haematite, 7 
HalMondria, 39 
Hallirhoa, 45 
Halobia, 243 
Haly sites, 106 
Hamites, 291 
Haploceras, 304 
HaplocmiuB, 156 
Haploaicia, 208 
Harpes, 326 
Harpoceras, 293 
Harvest-men, 877 
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Head-shield, 310 
llclianthastev, 122 
105 

Helioj^ora^ 100, 102, 105, 109 
Ifeliostpficer/i^ 80 

Helix ^ 264 

Helminthochiton , 250 
Hemiaajm^ 3()5 
Ilemiaster, 142 
Ilemicidaris, 136 
Hemipedina, 136 
Hemiptera, 35ft 
Ilernithyris, 193, 198 
HevdiryjKi , 208 
Ilercolepaa, 337 
Hermit-cnib, 352 
Htiteractinellida, 46 
Heterocamia, 103 
Heterodont, 216, 232, 242 
Heteroj?eneti(! homttM)morphy, 15, 
178, 280 

Heteroniyariu, 222 
Hetcropoda, 261, 270 
Heteropora, 208 
Hexacrinm^ 156 
Hexactinellida, 40-42, 49 
Hildoceras^ 293 
Hinge (Brachiopoda), 173 
,, (Laniellibraiichia), 216 
Hinge-line (Brachiopoda), 173 
„ (rjamellibranchia), 216 
Hinge-plate, 216 
Ilinnitesj 228 
flippoehrenes^ 258 
Jfippopodium, 225 
Hippurites, 234 
Hirudinuja, 169 
Hoernesia, 243 
Holaater, 141 
Holcoitpoinjiu , 47, 50 
HolcoHtepfuL7ius, 301 
Holectyjnna, 138 
lloleciypm^ 138 
Holmia^ 323 
lloloeystia^ 98 
HolojMa, 271 
Holopella^ 271 
Holostomatous, 248, 270 
Holothuroidea, 145 
Hornalonotu», 324 
HomaruSt 352 

Homoeomorphy, 15, 178, 286 
W. P. 


Honiomya, 240 
Hood, 275 
Iloplitea, 295 * 

Hoplocarida, 354 
Ilojdopar i a , 352 
Hot'iofttonm , 2 52 
Horner a., 208 
Horse, 13 
Hud8ona8tc}\ 121 
H uffhmilleria , 373 
Hynlo8telia^ 40, 49 
Hyhoelypens, 13‘.) 

Hyhorriniis, 1()5 
HydrUy 53, 64 
Ilydractmin^ 54, 76 
Hydranth, 53 
riydroeauluH, 54 
Ilydrocorallina, 74 
Hydrorhizn, 51, (ift 
Hydrospire, 163 165 
Hydrothi'cn, 51, 55, 59, (H 
Hydrozoa, 53 
IIymenoc(iri8, 341 
Hymen optera, 360 
llyoUtheUu8, 264 
IJyoUthe8, 263 
J I ypanthocrinu8 ,151 
Hypostomc, 313 
Hypothyridina , 193 
llypothyriHy 193 

IchthyocrinuHj 155 
ldio8troma, 76 
Idnionea, 205 
JllceiiUH^ 326 

Imperfection of the record, 11, 
12 

Imperforate gasteropods, 24(5 
liiarticulata, 173, 181-184 
Incurrent canals, 35 
Inferior lateral lobe, 283 
Inflected lip, 248 
In/ra-basal plates, 148 
Infusoria, 17 
Inhalent canals, 35 
Ink-sac, 274, 296, 300 
Inner lip (Gasteropoda), 247 
Inocei anim 226 
Insecta, 356 
Intcgripalliata, 223 
Inter-ambulacial area, 126 
,, „ plates, 126, 150 

26 
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Inter-ambnlaorum = inter>ambula’ 
oral area, 126 
Inter-brachial plates^ 150 
Inter-radial plates, 148 
Iron pyrites, 7, 67, 68, 63 
Irregularia (echinoids), 137 
IsfiHlraat 97 
Ischaditesy 49 
99, 108 
Isocardia, 232 
Isocrinus^ 166, 157 
Isodorit, 216, 227, 242 
Isopleura, 250, 266, 270 
Isopod a, B45 
Isoptera, 358 
Isotropic, 3, 37 

JaekelocystiHy 160 
Jaws (Cephalopoda), 274, 276 
,, (ecliiiioid), 132 
Jelly-hshes, 52, 77 
JuluSf 356 

KampecariHy 356 
Keel (Ammonoidea), 285 
King-crab, 361 
Kingena, 200 
Koniiickia^ 104 
Koninckina, 200 
Koninckocidarhy 1 1 3 
Krei»cheriay 377 
Kutorgina, 182 

Labechia, 76 
Labial palps, 213 
Labrum, 313 
Lageiiay 25 

Lamellibranchia, 210-244 
Laminarian zone, 266 
Lancet-plate, 162 
Lapworthuray 120 
Lateral budding of corals, 84 
„ teeth, 216 * 

Leduy 223 
Leeches, 169 

Left valve (Lamellibranch), 220 

Leioceras, 304 

Leiopteria, 226 

LeiostomUy 271 

Lepadocrinusy 159 

Lepas 336, 337 

Leperditiay 334 


Lepidesthesy 129, 143 
LepidocentruSy 143 
LepidocoleuSy 337 
Lepidodiscutfy 168 
LepidopleuruHy 250 
Lepidoptera, 359 

Lepisnuiy Sol 

Lepraliay 208 

Leptatnay 186 

LeptograptuSy 71 
LeptoplastiiSy 323 
Leptostraca, 339 
IjeiicosoleniUy 34 
LichaSy 328 
Ligament, 218 
Linifiy 229 
lAmatiilay 229 
JAmamiy 264 
Limonite, 7 
JAmuluSy 361-365, 371 
JAndstramiia, 109 
Lingual ribbon, 245 
Lingulay 182 
lAngulellay 182 
Liomesufiy 271 
Liparoceratty 304 
Litharaay 98 
Lithistida, 43, 49 
Lithocampey 31 
Li th odotn iitt , 224 
JAlhophagnSy 224 
TAthostrotiotiy 93 
Littoral zone, 197, 266 
JAttorina, 255 
Lituohiy 24 

Lobes (Ammo no idea), 283 
Lobster^ 347, 351 
LocustidaB, 358 
LoffanograptuHy 71 
Loiigoy 303 
Lonudaleiay 94 
Lophophore, 201, 204 
Loricula, 337 
Lotorlum = Tritatiiuniy 268 
Loxonenuiy 254 
Lucinay 236 
LudwigiUy 304 
Lung-books, 306, 361, 376 
Lunule, 215, 218 
LunuliteSy 208 
Lyopomata, 181 
LytoceraSy 290 
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Maccova, 134 
MachiliH^ 357 
Mad urea j 271 
MacrocephaliteHf 294 
MacrocheAlm^ 254 
Macrochilina, 254 
Macrocystella, 160 
MacropyguSy 138 
Macrosr.aphitegy 291 
Macrura, 347-352 
Maorurous, 349 
MactrUy 238 
Macnla\ 313 
Madrcpuruy 108, 110 
Madreporaria , 80 
Madreporic plate, 124, 125, 133 
Madreporite, 115, 119, 158 
Magast, 200 
Magellan uiy 195 
Malacostraca, 337 
Malaptera, 271 
Mamelon, 130 

Mandibles. 307, 316, 331, 338, 336, 
340, 347, 355, 356 
Mantellumy 229 
Mantidre, 358 
Mantle (Brachiopoda), 171 
,, (Cephalopoda), 274 

„ (Gasteropoda), 244 

„ (Larnellibranchia), 210 
„ (Mollusca), 20!1 

„ (Scaphopoda), 272 

Mantle- cavity, 171, 210, 274 
Marginal fasciole, 131 
,, plates, 116 

,, pores, 163 

Maraipiocriiiu^y 156 
Marsupitesy 154 
Martinia, 190 
Massive corals, 85 
Mastigophora, 17 

Maxillae, 307, 316, 331, 333, 336, 
340, 347, 355, 356 
Maxillipedes, 338, 344, 345, 346, 
348, 355 
May-flies, 358 
Mecochiruiy 351 
MedUcottiay 304 
Medusa, 53 
Medusinuy 77 
Medusitesy 77 
Megalodony 231 


Megalosphere, 21 
Megascleres, 37, 46 
Melanatriay 271 
Melaniay 256 
Melanopgigy 271 
Mehmechinugy 134 
Melonitesy 134 
Membraniporay 207 
MeretriXy 237 
Meristiiuiy 191 
Merostomata, 361 
Mesenteries, 77, 78, 79, 98 
Megohlastuity 166 
MenonacUy 322 
MegopalccasteVy 121 
Mesopores, 205 
M emgceji t ran , 1 08 
Mesosorna, 360, 363, 368, 374 
Metascpta, 88 

Metasoma. 360, 363, 368, 374 
Metastoniu, 313, 369, 370 
MetopasteVy 118 
Metoptomdy 271 
MegerUiy 351 
Micheliniay 105 
Mierahdciay 98 
Micrastcry 141 
Mi crod igcuHy 32 1 
Micromitra y 181 
Micropora , 207 
Microscleres, 37, 43, 46 
Microsphere, 21 ■ 

Microthgrisy 195 
Miliohiy 22 
Miliolinay 24 
Millcporay 74 
MiUeporidinmy 74 
MillericrinuSy 155 
Millestromuy 74 
Millipedes, 355 
Mimocerasy 288 
MiocidariHy 143 
Mites, 377 
Mitroy 260 
Mitrastery 118 
Modiolay 224 
Modiolopsisy 225 
Mollusca, 209-304 
Monaxonida, 42, 48 
Monocyclic, 148, 151 
MonograptuSy 72 
Monomyaria, 213, 222 
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Monophy II i 304 
Monoprionidian = uniserial , 61 
Motwtifty 243 
Monticuliporn^ 206 
MonllivaUiat 97 
Mosquitoes, 359 
Moths, 359 * 

Moutli-angle plates, 116 
Mnltilocnlar Foraminifera, 19 
Multispiral operculum, 248 
Murchlitonia, 252 
Murea-, 259 

Muscular impressions, 176, 215, 
277 

il/i/rt, 238 

MyacHcii, see Plcnromya^llomnmtftt 

Myalhmy 225 

Myovonvhay 225 

M yophoriu , 230 

Myriapoda, 355 

Mysidacea, 344 

Mytilm, 224 

Myxospongida, 42 

Nacreous layer, 219 
NaiddiU's, 242 
Namt, 258 
Natantia, 348 
Natica, 255 
Naticojm», 271 
Nauplina larva, 308, 338 
Naiitiloidea, 275, 301 
NautiluH, 275, 281, 301, 302 
Nebalia, 339 
Neck-furrow, 310 
Neck-ring, 310 
T^ecrocarci n us , 354 
NeitheUf 228 
Neinayraptus^ 71 
Nernatocysts, 52, 57 
Nernatophores, 57 
Nfolenus, 318 
NeoUmulus, 365 
Neotrcmata, 182 
Neptimea, 259 
Nerinea, 256 
Nerita, 253 
Neritma, 254 
Neuroptera, 359 
Niohe, 331 
Nodosariuj 25 
Notonectidas, 359 


Notostraca, 332 
NucleoliteSy 140 
Nucleus (Protozoa), 17 
Nueula^ 223 
Nuculana^ 223 
Nudibranchia, 261 
Nullipore zone, 267 
Nmninulites, 26 
Nummulitic Limestone, 29 

Obelia, 55 

Oholella, 183 

Obolus, 200 

Octactinellida, 45 

Octopoda, 301 

Octopus, 301, 303 

Ocular id ates, 117, 124 

Oculhiii, 110 

Odoiiata, 358 

OdontochUe, 327 

Odontophor, 116 

Odontophore, 210, 241, 272, 274 

Ogyyia, 321 

Olcostephanus, 301 

Olenellus, 322 

Olenus, 323 

Oligochfota, 169 

Oliyoporus^ 129 

Omjdmlophyllia, 109 

O vip h alo twc hit s , 2 52 

Omphyma, 93 

Oniscus, 345 

Ontogeny, 13, 178, 286 

Onychaster, 122 

Ouychocella, 208 

Onychopbora, 306 

Ott'cium, 205 

OostegitSs, 344 

Operculina, 27 

Operculum, 248 

< )phidioceras, 303 

Ophileta, 271 

OphiocteUy 122 

Ophioglypha, 120, 122 

OphiolepiSy 122 

Ophiura, 120, 122 

Ophiuroidea, 118-122 

Opilionina, 377 

OpiSy 232 

Opisthobranchia, 261, 265, 270 ' 
Oral plates, 150 
,, surface, 115, 119 
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Orbicttloideaj 183 
Orhitoides^ 28 
Orbitolina, 24 
OrbitoliteSf 24 
OrbitremiteSf 166 
Orbulina, 26 
Order, 14 

Organ -pipe coral, 99 
Ornithella, 195 
Graph ocriniis, 161, 166 
Orthis, 188 
OrthoceraSi 279 
Orthoptera, 357 
Oseulum, 33 
Ostracoda, 338 
Gsitre.a^ 229 

Outer lip (Gasterpoda), 247 
Oiiter-side-plate, 165 
Ovicell, 203 
Oxffch/ menUit 288 
Oxynoticeras, 292 
Oxytoma^ 226 
Gxyuropoda, 345 

Pachastrella, 39, 43 
PachhiioUf 44 
Pnehydisem, 304 
Pachypora, 104 
Paakyrinma^ 232 
PatfCiuhinm, 134 
Pahrya, 346 
Palieinachus, 353 
Pal<nocardita^ 243 
Palaocar/Hj 343 
PaheocorysteHf 353 
Palccocremia^ 337 
PulcBoctopiiSf 301 
Palmodictyoptera^ 357 
Palceodiscus^ 143 
Palceoneilo, 243 
Palaontina^ 359 
PaUeopaloimon, 345 
Pal(Bophonu», 376 
PalaMeriscuSy 122 
Pali, 82 
Palinura, 349 
Pallial line, 215 
„ sinus, 216 
Palp (mandibular), 333, 340 
Paludina, 256 
Pmiopea^ 238 
Paper-nautilus, 273, 296 


Papulffi, 117 
ParaboUna^ 323 
Parabolinella^ 323 
Paradoxidcs^ 323 
ParahopUten^ 304 ^ 

Parallel modification, 16 
Paranebalia^ 339 
Paraneuroptera, 358 
Parapodia, 169 
Parasmilia, 97 
Parker ia^ 55 
Parkinsonia, 295 
Patella, 251 
Paterhin, 181, 199 
l*aucispiral operculum, 24H 
Patyonaria, 108 
Pearly layer, 219 
Pecten, 228 
Pectines, 370, 374 
Pectinibranoliia, 254 
Pectini-rhombs, 160 
Peetunculus, 224 
Pedicellarico, 117, 131 
l^edipalp, 360, 374 
Podipalpi, 377 
Peduncle, 174, 336 
Pednnch‘-oi)euing, 175 
Pelayia, 77 
Pelagic animals, 9, 31 
PelanechinuK, 129 
Pelecypoda, 210 ' 
Pelmatopora , 207 
Pelniatozoa, 146-1G8 
Pell an ten, 135 
Peltocerafif 294 
Pel tarn, 323 
Pemphix, 349 
Pen (stiuids), 296 
Pen<eus, 348 
Peunatula, 100 
Penlaceroa, 114 
Pentacrhins, 154 
Pentamerits, 189 
Peniremitex, 160 
Peracarida, 344 
Perforata, 90, 97 
Perforate gasteropods, 246 
Periderm, 59, 62 
Penechocrinuft, 156 
Perignathic girdle, 133, 137 
Poriostracum , 219 
Peripatm, 306 


26—3 



406 


IXDEX 


Peripc*talou8 fa8ciol(<, llil 
Peripodiuiu, 126 
Peiiproct, 124 
Perisarc, 64, 59 
Peri Hc hodoin ns, 1 4 
Pr.risphinc.tes, 294 
Peristome, 124, 131, 247 
Perna, 226 

Peronella — Peronidf'Wi, 47 
Peronidella, 47 
Petalograptns , 72 
Petaloid ambulacra, 128 
Petrifaction, 7 
Phacops, 320 
Phalangidea, 377 
PhnsinncUd, 253 
Pliasmidjt, 35 h 
Ph illipsn strn a , 93 
PhiUipsia, 329 
Phalndnmyn, 240 
Pholns, 238 
Ph<n moseUa, 40, 49 
PhorinoHoma, 129 
Phoi'us, 255 
Phnipmocenis, 280 
PbrMgmocone, 299 
Ph rn f/mote nth is, 303 
Phnjnns, 377 
Pli^l.'iciohema, 204 
Phyllocarida, 339 
Phtfllocerns, 290 
Phjfllocamin, 109 
Phyllotiniptns, 70 
Pliyllopoda, 332 
Pbylogoiiy, 12, 13, 09, 280 
Phylum, 14 
PhjIwosovKt, 137 
Piioreros, 303 
Piiiacocertis, 304 
Pi)ma, 225 
Piunatopora, 208 
Pinnules, 150 
Pisania, 271 
Pisocrinus, 156 
Pitaria, 237 
Placorjfstis, 100 
Plaffiostomn, 229 
Plankton, 265 
Planorhis, 204 
Plant-lice, 359 
Plasmopora , 106 
Plastron (ochinoids), 142 


Phtiyceraa, 265 
Piatychonia, 50 
Platycrinus, 151 
Platystrophia, 188 
Pleopod, 338 
Plesieehhim, 138 
Plniotenthis, 303 
Pleura, 314 
Pleu racy stiff, 160 
Plenrodictyuvi, 104 
Pletirofiraptus, 71 
Pleuromya, 239 
Pleuronauti lus , 303 
Plenropygia, 181 
Plnirotoma, 260 
PJenrotomaria ,261 
PhcatnUi, 228 
Plocosyphin, 42 
Plimastn, 122 
Pluinularia, 55, 58, 67 
Plinnuliies, 337 
Pneumatocyst, 00 
Podocyrtis, 31 
Pollicipas, 337 
Polychictu, 109 
Polycheks^ 349 
Polygt 'in in al, 128 
Polyp, 53, GO, 74, 80, 98 
I’olypary, 58 
Polypide, 202 

Poly placopli ora, see iBOpleura, 25(V 
Polypora, 208 
Polyzoa, 201-208 

Porcellaneous Foraminifei a, 18. 20, 
22 

Pore-rhombs, 159 
Pori fern, 33-51 
Poriies, 108 
Porospluern, 48 
Posidnnotnya , 227 
Post-abdomen, 374 
Posterior canal, 248 
Potaihides, 257 
Potamornya, 244 
Poterioceras, 281 
Poteriociinvs, 152 
Pra’nnaspides, 343 
Pre-ahdoiijcn, 374 
Preareturus, 345 
Prestwichin, 305 
Primal y ])lates, 127 

. septum, 81 , 87, 88 
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Primary tubercles, 129 
Primitidy 334 
Priscochitoiiy 250 
Prismatic layer, 179, 219 
Prohoacina ^ 208 
Prodiasoconcli, 220 
Produetella, 186 
Product us, 185 
Proetus, 329 
Prographularia , 108 
Proleconites, 289 
Promopaheuster, 121 
Pro-ostracum, 300 
Propora, 106 
ProscorpiuH, 376 
Prosiphonate, 282 
Prosobrancliia, 251 
Prosoma, 360, 363, 366, 371 
J^rosnpon, 353 
Protasj)iH, 319 
Protastcr, 121 
Protegulum, 180 
Protohnianus, 337 
Protocarciinis, 353 
Protocardia, 236 
Protocarh, 332 

Protoconch, 250, 279, 284, 297, 
299 

Protocyst is, 160 
Protodonata, 358 
Prot(dimufns, 3(>() 

Protolycosa, 377 
Protoplasm, 17 
Protopodite, 307, 318 
Protoithoi)tera, 358 
Protosch i zod u s , 24 3 
Protosponyia, 41 
Protozoa, 17-32 
Protractor muscle, 21r5 
Protremata, 185 
Proverruca, 337 
Provinces (Mollusean), 268 
Proximal end, 59 
Psammohia, 237 
Pseudocrinus, 160 
Pseudodeltidium, 175 
Pseudodiadema, 136 
Pseudogalatheo, 345 
Pseudoglyphea , 349 
Pseudomelaniu, 254 
Pseudomonotis, 226 
Pseudouiscus, 366 


Pseudopodia, 17, 18, 19, 30 
Pseudoscorpionida, 377 
Pseudofeepta, 101 
Psiloceras, 291 
Pteria, 226 
Pterinea, 227 
Pterinopecten, 229 
Pterouites, 226 
Pteropod ooze. 262 
Pteropods, 262, 270 
Pterygotus, 372 
Ptilodictya, 208 
IHdograptus, 57, 58 
Ptychites, 304 
Pugnax, 194 

Pulmonary sacs, 373, 37r> 
Pulnionato, 264, 271 
Purpura, 259 
Purpuriua, 271 
Purpuroidea, 255 
Pyc inaster, 118 
PycnoiepuH, 337 
Pifguster, 138 
Pygidium, 309, 315 
Pyyoccphalus, 345 
Pygurus, 144 
Pyrgocystis, 168 
Pyrula, 271 

Quanstcdtfuufras, iiOi 
<^ii i mi ucloni / 0? a , 2 4 

liadial plates, 117, 120, 124, 148, 160 
„ symmetry, 77, 111, 159 
„ water vessel, 115, 133, 147 
Kadiolaria, 30-32 
Eadiolarian ooze, 31 
Kadiole, 130 
EadioNtes, 234 
liadula, 245 
Eaphistoma, 271 
Ra^strites, 72 

Kecapitulation theory, 13 
Recc.pt aculitcs, 49 
Red coral, 99 
Reef corals, 107 

Reflected lip (Gasteropoda), 248 
Regularia (echinoids), 134 
Rcmoplcuri des, 311 
Rcniera, 43, 49 
Reptantia, 349 
Rcquicniu, 234 
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lietioUtes, 72 
Retractor muscles, 215 
Eetrosipbouate, 278, 283 
Ilhahdomeson^ 206 
Rhabdophylliaj 109 
Ithacophyilites, 304 
Jihaphidonemat 47 
Rhipidomella, 188 
RhizocrinnSj 156 
Rhizopkyllmi, 97 
Rhizostoma, 77 
Rhiznatoniitcsy 77 
Rhodocrinus^ 157 
Rhopalocoma^ 122 
Rhyuchonvlla^ 192 
Rhynchotretn^ 193 
Right valve, 220 
Rivielln, 25H 
Rissoa^ 271 
Root (Grill oid), 148 
Root-tuft of Sponges, 36, 40 
RoHelloria, 258 
Rostral plate, 355 
Rostrum, 310, 347, 348, 349 
Rota I i a, 26 

Rugose corals, 83, 87-97 
RustfUn^ 18] 

Saccanmina, 24, 28 
Succor oma, 157 
Saddles (Ammonoidea), 283 
Sayenocrinm, 1 55 
Salmi a, 135 
SaHrrrlla, 264 
SaiujuinoliteSf 241 
Sao, 331 
Sarcodina, 18 
Su.ricara, 238 
Scala, 254 
Srahd iUf 254 
Scalprlhnnf 337 
ScaphcUa^ 271 
Scaphites, 295 
Scaphopoda, 272 
Scrnrlla, 271 
Schelhci enella , 187 
Schimperellaf 346 
142 

Schizoblaatm, 166 
Schizodont, 216, 230, 242 
Schizodus^ 230 
Schizophoria, 189 


Schizopoda = Mysidacea -p Euphau- 
siacea, 344, 347 
Schlmnhachiay 296 
SrMotheimia, 292 
Schuchertia^ 122 
Scorpionida, 374 
Scrobicule, 130 
Sculda , 355 
Scutella, 139 
Scutum, 336 
Scyphomedusffi, 77 
Scyphozoa, 77 
ScytaMa, 39, 45 
Sea-anemones, 52, 77, 80 
Sea-cucumbers, 145 
Sea-lilies, 146 
Sea-urchins, 123 
Selisfcoihon^ 39, 45 
Sepia, 296, 300, 303 
Septa (Cephalopoda), 276 
„ (Corals), 81, 83, 86-90 
,, (Foraminifera), 19, 20 
Septal fossnla, 81 
„ necks, 278, 282 
Serpula, 170 
Scrtularia, 55, 58, 67 
Sessile eyes, 344, 345, 346 
SetJc, 169, 171 
Sicula, 60, 62, 63. 64 
Side-plates, 162 
Sirherrlla, 190 
Silica, 3, 7, 30, 36, 37 
SUiqiiaria, 245 
Silver-fish, 357 
Simple ambulacra, 128 
Sinistral gasteropods, 246 
Siniipalliata, 223 
Siphon, 212, 244, 248 
Siphonia, 45 
Siphonida, 222 
Siphonostomatous, 248, 270 
Siphonotreta, 183 
Siphonozooids, 100 
Siphuncle, 278, 282, 284, 297, 299 
Skeletal-spicules, 37 
Slimonia, 373 
Smithia, 93 
Solarium, 255 
Soluitter, 122 
Solen, 237 
Solitary corals, 107 
Somite, 305 
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Spatan^inn, 139 
SpatanpuH, 125, 145 
Spcicies, 15 
Spharcxochunj 328 
Splunrophthalm us^ 323 
SphiProspongia , 49 
Sphferulitpn, 243 
Spicules, 36-39, 98, 99, 145 
Spiders, 377 

Spines (Ecliiuoidca), 130 
Spiracles, 162, 165 
Spiral angle, 246 
,, ornament, 249 
Spinj of gasteropods, 246 
>^pi.rifpr, 190 
Spiriferhia, 191 
Spiroloculnia, 24 
Spiroporn^ 208 
Spirorhiit, 170 
Siurula, 297, 300 
Spiruliroatra, 300, 303 
SjiondgluH^ 227 
Spong(?8, 33-51 
Spongillfi, 43, 48, 50 
Spongin, 30, 42, 43, 47 
Sporozoa, 18 
Squid, 273, 296 
Sqmlla, 355 

Stalked eyes, 340, 344, 347, 348, 354 
Starfishes, 113 
S tanriind er aster f 118 
Stanrocephalas^ 328 
Staitronema, 50 
Stegnnohlastusy 168 
Stem (Blastoid(ia), 160 
,, (Crinoidea), 147 
,, (Cystidea), 157 
Steaaster, 122 
Stempus, 348 
Stenotheca, 271 
Stephanoccras, 293 
Sle2)heoc(‘ras, 293 
Sternum, 307, 369, 374 
Stigmata, 376 
Stomatopoda, 354 
Stoinatopora^ 205 
Stomechinusy 137 
Stomodffjum, 77, 78, 98 
Stone-canal, 118, 133, 145 
Strabopsy 373 
Straparolimay 271 
StreptelasmUy 95 


Streptoneura, 251, 265, 270 
Stricklandiay 190 
Stri n gocep halus , 196 
Stromatocystisy 168 
StromaUporOy 76 
Stroma t(porell(iy 76 
Strom atoporoidea, 1^4 
Strnmhusy 257 
Stnphalositt , 186 
Strophomeaay 187 
Stnphouellay 187 
S t art zoster y 122 
StylasteVy 74 
Styliforin columella, 82 
Stijlinay 97 
StifliolOy 263 
StglonuraSy 372 
Sub-anal fasciole, 131 
Suh-iKitaloid ambulacra, 128 
Sucking-discs, 273, 296, 300 
Superior lateral lobe, 283 
Supplemonta] skeleton, 21, 27 
Sur-anal plate, 125 
Suture (Cephalopoda), 278, 282, 283 
,, (Gasteropoda), 246 
Syeiiniy 271 
Sgnapta, 145, 14() 

Synapticula, 82 
Syncarida, 343 
Sf/ncycloveina , 228 
Syri ngojnmi ,103 
Sy r in go t hg r is , 1 9 1 

Tabula, 82, 83, 100, 102 
Tabulate corals, 102-107 
Tail fin, 338, 344, 348, 352, 353, 355 
TalitraSy 346 
4’anaidacca, 344 
TaxocrinnSy 1 56 
Taxodont, 216, 223, 242 
Tealliocarisy 345 
Tccti branch ia, 261 
Teeth (Brachiopoda), 173 
„ (Laruellibranch), 216 
Tegraen, 148, 150 
TeUindy 237 
Telotremata, 190 
Telson, 307, 331, 338, 345, 348 
TevmechinuSy 145 
TemnocheiluSy 281 
Tentacles, 63, 78, 79, 98, 147,169, 
172, 201, 244, 273 
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Tentaculites; 263, 264 
Tei'ebrateUa^ 195 
Terebratula, 194 
Terehratulina, 195 
Teredo, 239 

Tergum, 307. 336, 369, 374 
Termitidffi, 358^ 

Testicardinen, 181 
Tetrabranchia, 275 
Tetracoralla, 91 
Tetractinellida, stee Tetraxonida 
Tetragraptvs, 70 
Tetraxonida, 43, 48 
Textularia, 25 
Thau, 259 
Thamnastnea, 98 
Thamniacus, 208 
Theca, 263 

Theca (CoralB), 81, 83 
Thecidea^ 186, 200 
Thecoemilia, 97 
Thconoa, 205 
Thetironia, 236 
ThetU, 236 
ThoHasterella, 46, 60 
Thorax (Trilobite), 309, 314 
Thracia, 240 
Ticks, 377 
Titym, 376 
Tomocerae, 303 
Torus, 120 
Toucfuia, 234 
Trabeculate columella, 82 
Tracheae, 306, 355, 356, 361, 373 
Trachyceran, 289 
Transverse ornament, 249 
Trepostomata, 205 
Tretenterata, 181 
Triajnes, 43 
Triarthrus, 315 
Trichoptera, 369 
Trigeminal, 128 
Triyonia, 230 
'Trilobita, 309 
Trimerocephalua, 327 
Trivucleus, 321 
Tritaxia, 20 
Tritonium, 258 
'TritonofwtuSf 271 
Trivia, 258 

Troohiform gasteropoda, 249 
Trochocyathug, 107, 110 


Trockodiscw, 31 
Trochug, 253 
Troostocrinw, 165, 166 
Trophon, 271 

Tube-feet, 116, 116, 118, 123, 126, 
128, 133, 145, 147, 167 
Tubercles, 129 
Tubipora, 99, 102, 103, 109 
Ttibularia, 54 

Turbinate gasteropods, 249 
Turhinolia, 97 
Turbo, 253 

Turrcted gasteropods, 249 
Tnrrilepag, 337 
Turriliteg, 291 
Turris, 260 
Turrit ella, 256 
Typhis^ 259 

Vhaghgia, 104 
Vintacrinm, 157 
Umbilicus, 246, 285 
Umbo, 173, 214 
Vnciniilug, 193 
Uncites, 191 

Unguiculate operculum, 218 
Vuicardiuni, 235 
Unigeminal, 127 
Unilocular, 19 
Vnio, 231, 242 
UniramouB, 307, 338, 348 
Uiiiserial, crinoids, 148 
„ graptolites, 61 
Univalve, 245 
Urasterella, 122 
Urdu, 346 
Vronectes, 343 
Uropod,* 338 

Valves (Brachiopod), 171, 172 
„ (Lamellibranoh), 210, 214, 
220 

Varices, 249 
Varieties, 16 
Velum, 53 
Venencardia, 233 
Ventral, 115, 214 
Ventral valve, 172 
Ventriculiteg, 41 
Ventro-lateral plates, 116 
Venus, 236 
Vermetm, 246 
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Vemicocceliay 50 

Verruca y 337 

Verrucomy 337 

Verruculinay 44 

Vesicular tissue (corals), 82 

Veatinantilmy 281 

Vibracula, 203, 206 

Virgula, 69, 62 

Visceral chamber, 81 

Vitreous Fbraminilera, 18, 25, 28 

Viviparu^y 256 

Volborthellay 263, 302 

Valuta y 260 

Volutoapinay 260 

WaldheimiQy 195 
Wasps, 360 
Water-boatmen, 359 
Water-fleas, 331 

Water- vascular system. 111, 113, 
117, 123, 133, 145, 147, 158 
Whip-scorpions, 377 
White ants, 358 
Whorl, 245 


WiUoniay 193 
Wood-louse, 345 
M\iodocrinuSy 154 
Worms, 169 

XanthopsiSy 354 
Xeiiastery 121 
Xenophoray 25S 
Xiphosura, 361 
XiphotenthiSy 304 
Xylobiusy 356 

Zaphrentiny 95 
ZeiUenny 195 
ZofiBa, 308, 338 
Zoantharia, 79-98, 107 
Zoarium, 201 

Zone of Brachiopods and Corals, 
267 

,, of Nullipores, 267 
Zones (stratigraphical), 8 
,, of depth, 266 
ZocBcium, 202 
Zoospore, 22 
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